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(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a non-volatile 
memory cell that can be driven at a low voltage and is 
capable of high-speed program and high-density integration, 
and its usage, a manufacturing method, and a non-volatile 
memory array. 

SOLUTION: A p-type well 101 is formed on the surface of a 
substrate 10, and a channel formation region 110 is 
prescribed on the surface of the p-type well 101 so that it is 
sandwiched by first and second n+ regions 121 and 122. In 
the channel formation region 110. a carrier supply part 111 is 
formed so that it is in contact with the first n+ region 121, a 
carrier acceleration iryection part 1 12 is formed so that it is 
in contact with the second n+ region 1 22, and the carrier 
supply part 111 and the carrier acceleration injection part 
112 are connected each other. 
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1 43J;tP^ 2^,^t)«^®-7j i:®J^^^^3^5v^Tm^iay 
Huia-y- biifiigiS'OSiS-aA-rs z. h ^mkh-r^m^ 

m. 1 Ci3«©^ffl6tt^ ^ U -fe;!/. 

mm:.m^ i.xm 1 u TiDMSAgPASBaM^n^ ^ 
2 ^mmmmizmm b-c« 2 jp-V' u Tmm&x^ifim,m: 

A- e. y- h sfeiii^'v:^ ^ ij r ^ ?± A-r ?>mitm2 ^mona 

ffiMtiraji^«(&*ttll&b, B(i83^ 1 dpi' U TADiSaAaJ 



-h«fi^MSr^bT:^+';T««&g|5±lciaa$n> ^2 

©-y- hsflitt^ 2 ©y- hiseiitiK^fe^b-c^-v u Tin 

jittAg8±{riBB$ti^ 

10 *&u 

U T*HUl3=3p+ U 7'in3£?±Ag|5^fltijs&b> 

i&^nfc^^p-vuT^. ^2Tmmimii<D7&mizi5i,^x 

15 H?i3^ 2 ©-y- h«gi^M-Ngi5^?£At-.S i 
5 1 {cg3«©^ff#Btt^ t 'J •b;i/o 
[WjRa 5 1 mfi&^^ U TAD3gaAg|5tc^«&^nfc=^ 

-\'UT*ll2©y- MfgiSi^{i{cgit^#sfcK)©^^ 
vTm§'^'&miiLt:Bmm2co^-hmmizm^'t^^ 

20 ^U7^lt^-a-«te«/^^IS4*i)ibfeci:?£!I^i:-r 

[w*]^ 6 ] mmmmx zrm 2 © -y- b ssi© ^j^* 

WsRiS 4 * fett 5 t:B3«©^»^'l4';>< ^ U ■fe;i/o 

25 [if«a7] mm^v-hmmcDmrntzmm^iitcim 

fymiRmiz^^i^xmrn^titzv-^ 
\'K^it-)vx'ib?>:it.^'mLt-r^m^&iz mm<D^ 

30 im^m 8 ] Bu§3#y- h «S©SSBfcj^J5g^nfci^ 

i^gi5*r{±. ^^-hmm^m^ti^xmrn^titzm^mx- 
mt-t^mmM 4 s 5 c83«®T»%tt^ ^ -«r 

[W5RJS10] HuI3®2©';f-hSfig43i7>-^©'y- 

b m.mmi^. mm^ 1 ©y- h ati© k i/ >ffl!i©^ja 
40 ^j:^vmmt:mo^oizmm^ixtzzt^mift^m 

4 tfzit 5 l::83«©^»^t4^ * U -^JW 

[mmm 1 1 ] mum kd^-y- ssi^j j:t>-^©y- 
h ifi^Mtt, mam 2(D^-h mm<D >-ra©«iB 
^i:.xymm-^m.r> iiovimm-^ixfzcih-^miLh't^m 

45 4 ^ (i 5 {c:tB«©^»^t4 ^ U ■fe;W 

[ItsRJM 1 2 1 Huf3=sp-\' 'J T^jniSaAgPtt^ Huf3® l 

^W(!a^m\zw&\.xm^^^fifzm i^^^) Ttmo-K 
g|J^ ^i.xfm&'m2^'mmm^m^\.xw^m^f\.fzm 

2 T;!iD^lttASB>f)^?>)^J5E^tis mM^^ U 
50 Buf3^143<fcUf^2^-\''JTjDjiaAa5®M{cga 
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tzm 1 (D^-vmrnm. ^ i u TAnjsaAgpitciH 

ti^a$^^^ « 2 (D l ©y- h»Bitt« 2 CD 1 (D^- V 

m2(D2<Df-vmjfm.. mt^^2(D2<Df-vm 
muiimmm^fi^^'mi.. mmm 2 u Tinsfixsp 

*^6>ll2®2CD'y- hSgi^lK'N:^ ^ u T^SA-r S^{± 

ADa?±Ag|5*>^>^ 2 ® 1 ©-If- Vim.m^^^ U 
At-Sl^tt^ 1 ^Jjfif3««ctADi$Ste^£«^t-5 CI h& 

[if jRa 1 3 ] Hiiffia 1 *J <fcUf^ 2 =^r-\' Tiim^K 
g|5m«&$nfc:^r+ U 2 ® 1 *5<tt|f^ 2 ® 2 

BUB3ll2cDi43J;tJf2©'y-hs«i©-:)?- 

1 4 1 mi§3» 1 -vU TAnit^A^iBtts huIB 
» 2 :^r-\' U TSPaSaAgPASH!ifB:^-\' U T«^«&g|J*»e,««& 

^^Ifc:^-^' 'J T^&ful3m 2<D2<D>f- VimS^-^^X-^ 
Si^ttx BuiB^ 1 ^iis«6i^«J^*-e>mIH3=^+ 'J 7'tti^Sa5-N 

H(fiB^ 2 >; TiDMttAgpji, iuSB^ 1 u 7tm 
HuHB^ 2 CD 1 (D>f- vmmm^'^x-f^mi^. busb^ 2 

1 2 * 1 3 {cf3«CD^ff^'t4;< ^ ■fe;u„ 

1 5 ] mVim 1 CD-y- b««l43«tt>'^ 2 CD# 
h«SicD'J>^ < fc*)-*CDS|gjBC«6(iSilJMSJI5figb 

1 6 ] Hui3#y- h«^cDSlgii{cj|^fi!c$nfc 

CD^»^'t4;^^'JHr;i'. 

1 7 ] tUgB^-y- hm«gcDSigHt:?|^fig$n& 

-efeaci:<£#SJ[t^SttJi?«l 5lc83«CD^lf^14p{ 



[if 1 8 ] But3^ 1 *J J;lf ^ 2 CD^y- h Wm: 

?&1^i:-r5H5R«l 2*tH:l 3 fc:i3«iCD^»#Btt/ 
05 ^'J-tr;!/. 

[If 1 9 ] BiFlB^ 2 CD 1 CDy- h mmii iXf-^(D 

^o\zwm.^i^.. mmm2(D2(D^- 

10 «ScDfte:3&fflilcD^iii*J;V4Bffl*SaJ:d«c:SEI6^Fnfec 
t ^^mtt?>m^ 1 2 1 3 K:|3«cD^»%ffi 

[if 2 0 ] mmm 1 cd^- h«fii*5<t v^ci^ 

15 ctiFSStS^sa J:at::Mffir^nfccfc^1fl3Si:-r5if« 
JW12*fc{±13t: SBttcD^^pjf ^14^ t U -fe;!/. 
[if3?«2 1] Hrif3=^-\'U Tinas AgP±®««aH 

20 n*»t:g3«CD^»^tt^^ ';-fr;i/„ 

[if 2 2].. HuSB^y- MSfiJ^fi, 

HulB^mis 3Ji{c$l5^nfc^2«i:<&^4j3««jgT- 

25 

^;i/fi6*<t ii^l^it-rsif «rH 1 !S:v^ b 2 0 

cDV^■rnA^^:|3«cD^fff6^4.>{ ^ U -fe;!/. 
[if 2 3 ] M33=5P^ U T*PjSaAgfJ®^*fii^iaK 
30 *S2 X 1 0"J^^^/cm' W±T-feSCti&!|t0»i:-rs 
if S<« 1 ;&v^ b 2 2 cDV^-rn*»tc83*8cD^ff^tt;»{ ^ U 

[if 5l?rH 2 4 ] Hul3=^-\' U TJDjSaAgiJtt, « 1 *5 J: 

35 c!5¥±9SfifTS©l 4{igtATT-$)5C:i:5:#mi:-ri.^ 
1 J&VA b 2 3 CD^^f *l*>k:f3«6D^ff^14;>t ^ u -b 

[i*5i<ii2 5] mt^mmmt. ^tiifim^^titz^ 
mmmmtf'^^^ u TiQsaAeB-N^p^m^M^^&ji^fiS 
40 b. ^m^mmnmmf^i:imm\.tz^.yvrtzM\.x. 

t^lt^atf ■5ifa^lHl'5:VNb2 4CDV^■rn*^{C§3«CD 

45 [ff5R«2 6] Btii3ll«J12{c:f3«bfe^Jfl6tt^^ 
';-fe;i/©ffiffl (yvy^A) ys^x^-ox.- 

m-^^'')T\zit^^f\.^J^o\Z. VB -2g5„ [0,,: 
50 ^ A' U TiniigS ASP® 7 jc;i/ 5 1^ ^;^] tj|.±cD jpiiga{5i 
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2 7 ] Bti83ft*iB 4 fc8B« bfc^Ji^f*^ 
';-fe;i/©ffiffl (^D^^A) ^JjST-feoTs 

di=AS^IS^^''JTHM#^nSJ;5tr^ VB -2«S 

mItB=^^-\' 'J T#ti|&g|5{C#t^$nfc^-^ U U Tip 

[if*:S2 8] HulB-J^-hSai^iVvbtt^l ©-!;•- h 

HulB^lffi^i^is^^^^ HuiBAPM«{4J;t)'>$<, ifi 
■• J; •) A§v^^ 1 ©S{4^r^«f)i9:^U 

^;i/K^sttip?>'y- ^M^itmJI^5lv^fcfilt^T®^ 2 
t^mh-^^m^m 2 e stji 2 ? {cfBt8®T»^p« 
' 2 9 ] mvmim 1 2 {cfB« #^14^ 

^i;Hr;KD€effl (T'D^'^A) :iEriSTfe-oT. 

HtJlB^ 2 U TAPaffiAgP*^ 2 CD 2 ©y- h«6 

HutB^ 2 Ttm&x^iim 2 © 2 ©-y- h^gifiM 
i:©^ia{cfl$j5K$tvs«{4i^MVB ^^-?^)Tifim7Ln 

2 0„ [0„ : 'JTiPJSaA^S15©>':Il;^5, 
JW±©S0jlS«(SSH583» 2 ^^rfiiKlM^'N^tig-^S^IIf 

H>IiB^2®2©y-h«fi|^, ^^-VJTSISSF-M-m^ 
H533SI 1 ^*fiiKl«^3^ » 2 ©^ A' U TisamiX^-^^ 

HufB^ 1 ©=5^^ u 7*pj$aASi5ip e.^ 2 © 1 ©-y- hsg 

m%m 1 O^^-^- U TiPa^ASBi:^ 2 © 1 ©'It'- vfm 



- 2 9S„fei±©iPjta(i*H5fB^ 1 ^»fiiKiffi«J'N^s&-r 
05 BulB^2©l©'^-hW3B's, ^-v'JT5l§a:-B-«(Si?£ 

b5ib^ 2 ^mmmmti'^^ 1 ®=^r^ TApMSAgPs^ft- 

HfiiB=^r^ 'J T#t$&gI5t«$&$nfc=5r-\' 'J TS:^ 1 (D^^ 
10 ';TAPj^JiAg|5'v^l»$-&5^)lii:S^tJ^i:^!RpSRi: 
^ 'J -fe;i/©ffiffl;^iS„ 
[ii*«3 0] ^2©=^-\'';TipjsaAgiJA-e.^2© 
2 ©y- biseiSiK'N:^-^ raA-rsm. 

15 V>S{4*«i^b, 

HUHBI|l©^-h««l'N, -ew-y-bgifiiWEEitJAt 
VAf^^ ^;i/^je«(Si b, 

20 J:»3AtV^^l®«i&t^46©^U 

BuiB« 1 o^ngamm^. mmm i ©«(55[*fctt^-v^ 
;i/ii@«{iA»5>y- ^M{it«JE^§lv^;t^itJWT©|g2o 

Stel:: ^Yb^-a-T 7-D AWfg^MiR b. 
m 1 © Jr-\' 'J TiPM?±AgPA^e>'y- 2 © 1 ®«SiitM 
25 -<^^^)T^X-t^m!lii. 

•^2®2®'y-hS®'N. ^©y-hB8flSaEEJ:t):«c§ 

H5iBigi©y-h«ai-N, ^©y-hii{itaBEi>)Ag^ 

30 H?fiB^2®^|(fii^^«S§, HufB*P3i«^4=tt)'J^^<^ 
^BuiB^-V^;i/Sie«{iA^e.y- hMfiS«iE&g|VN&flS 
J: D;«ctv^^ 1 ©S{5tfc^«)IS:^ U 
BuIB^ 2 ©^JiJfiife^^S. BufB^ 1 ©m(a*feH:5^A'^ 

sffi >fp e> -y- h ^««jE ^ ? I V ^ fc« WT® ig 2 ® 
i:i-sif«a2 9{c«B«©^i?^tt^^^'j-fe;i'©^ffl 
[ii*ia3 1] HijBB^-^'JT§i§-»#affi{i^ vb - 

40 W±'r-fe5:ifc*!NfSJci:-rsi«*«2 5^i:^^b3 0©v^ 
mA^(3t3tt©^»^;< t U -b;i'©Mffl (T'oy V 
A) 

2 6 b 3 1 ®V^mA^{383«®^ff#6^^^ ^ 'J 

[ 3 3 ] m^^wmm^ ^ -V retm 

50 C*fb-riiMM^T^t-5c:i:{c:j;»jfft)n2>ii:&i|tSR 
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:B 2 5 3^:V^ b 3 1 ©V''-rn*»tc33«CD^ff^tt;' ^ U -fe 

&^*RiBg}^iS!^-r s :i ^^^sjtfc-r-sif *ia 2 8 * t{± 

3 6 ] BuH3W^ia 2 tlB* b t^Jf^tt ^ ^ 
VB-2 0,, [VB :^-Yiimmil^^')T%m^X 

[WsRi* 3 7 ] iuiBw^a 4 izmm vtz^m^^^ ^ 

VB - 2 0„ [VB : ^- hmmmt^^' U T'inJt^A 

^Aa5®7i;i/$. L/^;i/] if)/h^<, *^-=)^2©^$ifi 
i^«J^©«(4J: ASVAM*|plS{i^m 1 ©^M^«^ 

'^ttl^b. 

mntm 3 8 ] mmmTm 1 2 tga® bfc^»«i4^ 

^•;-fe;i/©ffiffl (iBitf»|gffl^a«^mb) ^Jfeffe^T. 

■tm 2 ©^-y- hmmmtfi^m\>^m(D^m^m^^. v 
B - 2 <z>„ [VB : ^-himmii^^' VTmmmx^ 

^fe«i^b. 

§12® i43it;f2©y- hs®^, ■en^n^'D^^A 
^nfe«is!t©y- hraflt«ff©ftAfiiJ; A§v^«fi[?& 

b"Cfte;&©^»6ti^J^®«(i*tft*n^ S c: i: &#g!t 
m^m. 3 9 ] Bul3»*« 2 Ci3«©^ff^'(4p{ ^ 'J 



^mmm±^mm::w^-t^miL(o\i^:f vm (lb ) 

05 i:^ 

M«3«jai^±*fflst»igi-rs«it©tta«s (Lc ) 

10 CSi^^sajR®'?- K (LW) iiii:&««Sbfc^:i:* 

4 0 ] mtmmm 4 i3«©^»^i4p< ^ u 

15 P-fTtSBg^nfc^^ff^'tt^ ^ U -b;i/©^ 1 ©:^$ifi 
«^M^|Bl±SffiS{CSi^-r5«i»©b:>v h)^ (LB ) 

T*et)?s^i^±*3«j:&rRi{c#ag!ii-rsjafSfe®«®i^ 

20 (LC ) ii. 

|B]— ^iJtSaM^nfe^^ff^^tt^ U -tr;i/®^ 1 ®y— 
b««S|el±S:+iStcgei^-r5«|^©9-K-(LW ) 
25 **iibfcCJ:*i|^|«fc1-5^#^^^->J7'l"r<; 

[if *ii 4 1 ] mi Kif *ii 4 iz mm(D^wm^^ ^ u 
■fe;i/^ff^j??iPiK:EabT«fiK$nfc^»^tt^^ u t 

|si-ff {irBag$n&#^ff^<4^ ^ %;i/®^ 1 ©^Hifi 
30 ^ffi«(l^±**BSK:g8igg1-S«»©tr«>h«a (LB ) 

(LC ) 

35 ie]-fT{cBaa$nfe^^»^tt^^ ';-fe;^©^2©'y— 
^s8il^±^♦BSfcg^i^t-s«»©«^J^w^^a (LS ) i:, 

h«l|5l±^&^aStg^i^1-SffilS©7-Hi^ (LW ) k 

40 [i»««4 2] Hul3iSAra4K:83«®^Jflgi4^^U 
■fe;i'^£fT??'j*ipiK:iBi§bT«ijai$nfc^l?^^^ r 

!gj«^|Bi±^ffiS{r«Eigl1-s«iS©tf<y h«S (LB ) 
45 i:^ 

fT;?[pit-pjs-r ^-^©^ff^tt^ ^ u -fe;i/©^^ 1 © 

^»6%^«|e]±S:^J;5[qICJt3i@Ei^-rS«^©«aiiia 
(LC ) 

m-mmm^ titz^^n^^;^ ^ u -tjvcDm 2 ©y- 

50 h«®l^±SrfflB:tCg!i^1-5lSi«l©«iJfflI«il (LS ) i:. 
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hmMm±^mntzim-t?>mi&(Du--Yt^Si (lw ) t 

im>».m 4 3 ] miiBif *^ 4 1 f 3«®^Jf ^14^ ^ 'J 
.|a)-ff {::BBg^tife#^ff^tt^ ^ U -tjvcDm 2 ©:^«ie 

(LC ) 

hm«iisi±S:fflstgg^-rs«»©^jffli)is (Ls ) 
h«®iBi±^fflscgE^^saia®'7-Ksa (lw ) t 

[WaKJS 4 4 ] HuSEWsRS 1 2 lc:fa«®^»^14^ 

urn 2 ©^«iE^«Ji6i5i±*5rij:&i^tc^ag?i^-r 5is»© 

tf>y (LB ) 

m-ffizmm^tifz^^n^^/- ^ u -b;!/©^ i ©y— 

hm8g|Bl±SfflS{3gggl^5«S!{®'7-H«a (LW ) 
(LSD itx 

m-mtcmm^titz'^^nm^p^ ^ u -b;i/©ii 2 ©fb?^ 
(LSR) fc5&*fiibfccifcS!mst^s^»%i4p<^u 
im^m 4 5 ] mmm^m 1 2 tt3«j©^ff ^14^ ^ 

fT7?[S|c^g?-r ^-^^©^Jf^ttp? ^ -fe;^©-:5©^ 
«ifi'^««6l5l±&^J:5[Rl{cttjlgl«gt-i>ffii!t©ttaiia (L 
C ) ii. 

m-fTt:^mm^nrc^^nm^/- ^ u •fe;i/©ffe;&o^*e 

i^lH^5&tiS{3igi^1-S«IS®tr>> hi^ (LB ) i:, 
iBl-^jtffiM^nfc^^ff^S^ ^ U -tr;i/©^ 1 ©y- 
h««i|sl±^fflS{cgEM-r-S«IS©'7-Ka (LW ) 

(LSD fcs 

(LSR) i:S:«flSbfeii:^1^i:-rs^iifl14^^'; 



Bui3y-hS8i*sy-h^igis?£;n^bT. mm^^UT 

15 ^^■^UTtf^f#$n5<t^t^ VB - 2 <fi„ [flS,, : 
20 mti^'f V Tmm^&izm^^titc^^' U T^^^ U Tin 

^£aAgp^^»$-a■^ Hui3y-h«fe^iK®=^-\'';TMi9i 
^mizmxLxwm-r^^mt^-^:it.^mttir^ 

" • [if5Rffl4 7.] S*S©±«®{::. *^e«:©5^-V';l^;i/fl^ 

25 fiK^s«^s»5^T•s?^^SM©^ 1 *'<ttF^ 2 ^use^M^i 
*5jf^fig^n^ iut3^-\'^;u?Kfi£«M©«iai3. -y-b^e 

30 =^•\''JT^)^MttAa5*siBg^^^^ 

mm^- hmmifi^- hmmm^ift-hx. 

$nfc^fffSt4;^^ U-b;i/©<affl (ru^5A) 

35 Hui3^-\' TiammxssitJf- hmmmt<D^mizm-^ 
45 ^U-fe;i/©<seffl*i*o 

50 mti^^^j]^i.^mmizisr>^x. wmmi^m,<^mMiz 
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ms.mm^ti^ ck ^ jKBK-r > 

^ nfc c i: Srltaiti: -r S iil^iH 4 8 * fet± 4 9 tl3«® 
a, 

HuiBP ">:ii;i/*acD» 1 ts^Tm2^momm<Dmt^^ 
mmm 1 ^M^^^ti^wg-r s j; a miS35^-\'^;i/Ji^ 

HU§3®2^SieiKl«JSEi:Wg?-rs<fc-5{^, Hril3^-\'4^;Wi^ 
HUf3^^^;^J^fi£«^^c43V^T^ HUI3S 1 43iUf^ 2 

tW^IB5 2] Huf3»Sl?JS2. 4. 1 2®^»^'ffi^ 

^ iJl(iB5i35^A'^;i'Ji^fi!cM^i:g^U 
^ 3 «ttHtif3y- h fcJSM 
^2jiB:Bu83#^l. ajiCSJ^n, 

H?if3^ 1 Ji^^ T h y^)mm-ifim3m(D^^ u t 

U -ir;i/o 

5 3 ] HuiB^y- h«6igM©^ 1 m(Dm^ifi 



[0 0 0 1] 
[0 0 0 21 

^a-y-h (M) /s^y3>^<biK (N) 

b. MN0S;<tUT-{ii'';3>^'fbjei:bT 1 9 nm 
W±©«iiPAS'i:>5T-fe-3fe (:A:iftl ; F.L. Hampton and 
20 J.B. Cricchi, "Space charge distribution limita 
tion of scale down of HNOS mmory devices " , 1979 
lEDM Technical Digest, p. 374. ) o 

[00 0 3] c:©MNo s^* u^rpy^A »§a 
25 & b>4.;i'jii^b-r!g{bM*'^^A$ns<t-5K:> mm 

30 [0 0 0 4] ^fz. rny^A«£E*1g<W^SCli:© 
llt6*=fff^^^ 'Ji:bT> MONOSM©^^r>JAS 
Sllg^fn-rv>S : E. Suzuki, H. Hiraishi, K. 

Ishii and Y. Hayashi, "A Low-Volatge Alterable 
EEPROM with Metal-rOxide-Nitride-Oxide-Semiconducto 
35 r (MONOS) Structures" , IEEE Transaction on Electr 
. on Devices, Vol. ED-30, No. 2, Feb., 1983, p. 122. 
) . 

[00 0 5] c©MONos^^ mm^-h 
(M) /v^yymftm (o) /^>^)a>mim (n) / 
.40 h>^jmim (o) /^m»<Dmmmm^^ir?„ m 
0 N 0 s ^ ^ T-{i> h >v ymim(Dm&.mm^mi>z <t 
\). u :3 >^fb^4'©=^^ u T<DmmmiiL^-fr bt* 

45 =^^U7'©h5>;'7'*sfffetI^fig^nS©T% 

jp<&»< Lxiimmmm^msmmtj^mmiz^^u 

yY^^m:KX^tzo 

[0 0 0 6] Cl®MONOSj<^r';t<t?)> ^^mifi^ 
mtiiy^ir=^L.mm do . l ms e c) i: l 0^©f3tt 

50 «i^<£*a^s^l^T-e7-D</^A«jE?&9vt-r-Tif 
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SCtA^qltgKi^Cofc (:Xm~3 :T. Nozaki, T. Tanak 
a, Y. Kijiya, E. Kinoshita,T. Tsuchiya and Y. Haya 
shi, "A 1-Mb EEPEOM with MONOS Memory Cell for Sem 
iconductor Disk Application " , IEEE Journal of So 
lid-State Circuits, Vol. 26, No. 4, April, 1991, p. 4 
97.) , 

[0 0 0 7] biPb^As?.. unn'&^mui.. 

0. Ims e ciJlT©>^D</^A3gi[-r-7"Dy^A«E 
49VJ;i3T{fS«jg{ia*^tvTl^55:VA. 9VWTCD 

[0 0 0 8] ^fefc, ±t^vtzxm3(Dtm^*)<bm^ 

$-&S'i:AST-§:feA^ofc (35:^4 : I.Fujiwara, H.Ao 
zasa, A.Nakamura, Y.Komatsu and Y.Hayashi, "0.13um 

MONOS single transistor memory cell with separate 
d source lines" , 1998 lEDH Technical Digest, 36. 
7, p995~998, Fig.-2 & 11 ) <, 

[0 0 0 9] m—^-V<D-bJU^T]y-(:^tzmmi.xm 

miSL^^— h^m^ir?><DX\ "read disturb" iiP^JS 

[0 0 10] Z<DJiont^mt(D^it^WMVX. 

±gBbfch>;^;i/^<bMcDff$^2. Onm*>e, 
2. 7 nm^T-tiiD^-B-S'iJSASfeofc, ^bT. h> 

[0 0 11] -:H. 7"oyvA«E®f£Ti:7'n</5'A 
MS©®®SpJtg{c-rsttJti:bT^ 7D-7^^>^y 

flit (.icM.5 : S.Ogura, A.Hori, J.Kato, M.Yamanaka, 
S.Odanaka, H.Fujimoto, K.Akamatsu, T.Ogura, M.Kom 

iya, and H.Kotani, "Low Voltage, Low current. High 
speed Program Step Split Gate Cell with Ballistic 
Direct Injection for EEPROM/Flash" , 1998 lEDM Te 

chnical Digest, 36.5, p. 987 ~ 990) « ^Tfltts Jj^^v 

ty^iiy-hSiBSbTflifiK^ns. z.(D^of3imm\z 



[00 12] 

m bii#®sgss fe(±mjE*sB^fist ^jffli t-s *»{± w 

10 b. ±f3m^^•l"f >*3®b-r=^-\'<;r^Ab 

[0013] vm.<DnM^- h Ji^pt ^ 'J ■c•^4^ 
[0 0 14] *^B^®aa<jtt. ±f3bfctie*tt^s©»s 

^S¥?*bs MNOSp<^ J:^)t);SMA^o^i;aJI■t*©7• 
t u T U"r s ^ fe So 

[0 0 15] 

30 [S®*)IS*t-Sfc«)©^l9!] ±fab/tBS<J^£^t-S 

Biita^ 1 *5 J; 2 ^*fiigg««(0'>«: < i: *)-:&{ripa 

Ster*51JRW{l«^t-SJD3$Sffi#t«&^IS<£*flb^ b« 

^^®ffe**>e.tti^^nfc^+ u T^wm^^ u tads 

ifiAgP-Ntti^b. BUHB^i'UTADi^aAeiSfi. SufBdr^ 

#t«&$n-CI»S^5^ 1 *'J:V^2^ii9fi«offi««®-*i; 

45 ©^£el^-*v^-CH^^I3'5^-^«gi^l^-.g|5^r±Ab. mJlBy 

- vmmmi^. 'pta < t i)mm^^ u TinsaAas©© 

[0 0 16] ±H3bfci|t^lcin«> ^2^|ifi^«J^K: 

50 ttii&^tifciQji«<fi(^J;s«i^{cj;»). ^2^fmmm 
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5 d i: 'S: < ^ 2 ^«ifi!^fflMi: 

[0 0 17] ^e,{cM<*;fl<3f;vN^«. '^'^^jvmmmm 
i;T*sai;^;i/=^-*#^e>n-5 (VB (ommM^m^-t 

[0 0 18] ■tMzu^^titzmm<Dm^tiii. 

[0 0 19] 

jMtcgji^-rso 0ltt^ ^^^©^iiiifijB^T-fei.^ 

[ 0 0 2 0 ] atS 1 0©^a{c{ipM'>:3i;w 1 0 1 

fiEstv^ pM';;j^;i'i 0 l®«st•fi^ ^icDn* mm 

121 (y— : SD 1) i3J:V»2®n* 
«^ 1 2 2 (V->^/ K Iz-f : S D 2 ) 

Side:. ^^'^Amm.mmi i oASMS^tirvAS. 
HuiB^^^-'i'fl^fiK^^i lott, ■e®^®Hf^^^;bA5 

m±izr^^^ntz^mf^mm (sod ^®«3iT-^]R 

^nSo LTztfi-oX. mJt3S«l Oiibttt. ^aHf*^ 

s \<^^t^mmizi^mi$■mmifiBfSl.^tltz s o i 
[0 0 2 1] mii^^^jmmmm 1 1 o x-it. m i © 

n* HJ^Jl 2 1 i:jg1--Sidt^-\'UTtti^g|5 (CS : 
carrier s»«>ply) 1 1 lifiB^^tl. ^2®n* ^;^1 
2 2i:gE-rs<tot:*-\'';7'An3ittA«P (A I raccele 
ration & injection) 1 1 ZifiM^^tl^ 1583=^^^';^ 



1 1 1 is^xf^^' g Tiummx^ 1 1 2 (ifflstc 

g!bTV>S. 

[0 0 2 2] mM^^- U T«$&gP 1 1 1 ^ 1 ® n* 

mmi 2 iA^e,f^-\'^;bji$figM^i 1 ot««&$nfc^, 

05 "pVTtls ^®F*3a5*fe{i«B®5^-\'^;i/^®bT$e) 

bt^fg-rs, 

[0 0 2 3] ^^r-^- 'J T'^PMliAgP 1 1 2 {i. ^ti^iHI- 

■s<};dc. Huf3=^-\' U7'««&a5i 1 i*^e>«*&$tifc^ 

^jD^t-y- hilfiiiiM 1- 3 2 ®r < S^{V^^M'Ng|5^ 
?±A"t"^o 

[0 0 2 4] y-Mfe^Ml 3 2{4, mZimHS^Xfm 
2©n* ISJSl 2 1. 12 2©*f|qI-rs^gB®*a43<t 

15 v^mm^'p^j\ymmmMi i o*aa iatcfl^BK^tv. 

^©±{C{i. Bui3#n* 1 2 1 . 12 2 
•dt^'^-hSISl 4 0*sm$^^TV^So 
[0 0 2 5] SufBy- hSfi^M 1 3 2 {4. U TSiSf 

«»iit6?fc w-r ?. 3 ?) s ^ y^jmmmn i 

20 1 OiW©^ Iji 1 3 2 att. 5^^^;i/fl$J5KISJ^ 1 1 0 i: 

©If H tmi^M&Ji^jsit-r s V 3 >iifbM ( o ) , 5^ 

•j3>^{b^fbJK (ON) ^T-^ac:i:i)SgS bv^. 
[0 0 2 6] ^2B1 3 2b{i. i>'J:3>^fb)K 
- (N) . m.\h^>^)\^m (T) T•fei)^i:*sMSbv^o 
25 aA^fnfcdp^iJT (S-?) ©M««i4s?&li5«)S 

nitifc-rsctt. u 3 >m^m<Dmmi i o nmjiiT 

30 {c^5:ii:*sii^bV^AS. 4 nmT-*)»f'^AS8SK,$n-r 
V-So ^2«1 3 2 b®->U3>SYbJKttx mai 3 
2 a. ^3»1 3 2 ctfflV^fetlSS^U^V^bfgfbM 

J; t)s m^^^—'k> hx"p&<Dmm^^m\^xi^^x^^ 

35 *MJ^SlT-{4^1Ji43J;U^^2»i:KS'J-ri.S:»tc, 

'jn>^fbM (N) tmmi-^) . 

[0 0 2 7] 'y-hWail 4 0{H!l©m3Sl 3 2 cti. 

i^'j3>^^bM (0) ^tzitiyv^^m^tmihrn (o 
N) T-ife.5ci:*sM*b<. v^m©s-&t)> mmit2 

40 nmJW±T-feS;ii:AS||*bV>o ^^UTS^^Ji. ^2 
Jgl 3 2bF*I*fe(4^2Jil 3 2bi:Sl> 3®132 
a , 13 2c i:©^HCJ^fig^?xfc:^-\' U Tffl«ip{4. 

45 [0 0 2 8] Sll^l 3 2a43~4nm©i''j3>^ 
{blK* fetter U 3 >®^bg{bM. ^3S132c§2~ 
4 nm©i' U 3 >K{bJK*fe{4i' U n >^^b^lbMT-« 

3H1 3 2 c(D^^' ')Th>^;i'^*SI|lB 1 3 2a 
50 ©^^U7h>^;i/8i^J;t)*)^<f 5CiiAST-tS© 
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^ o 

[0 0 2 9] -jJSWtC, rD^7^AB#i:?i*B$i:-e{±. 
3;^ h&±#$-a-5« :Lfi\zn\^X. ^HJfUi^^fti, 

1^— «H4"eu"^;i/®S'5:'5«ffiife'y- msi 1 4 o^n^ 
i|&^s;eftT\ ^^r-vUTioaA (ru^/^A) 

[0 0 3 0] ClCDfct, Hlgl 3 2 aASS^Un>^^b 
^ as 1 3 2 c ASS^ U >iJ<b^fbMT-fen«. 

U3>^<b^{bJKcD:^*s^ ^2® 1 3 2 b*^?>5^;^fc^cD 

[5lb)R^T-*^3ll 1 3 2 c 

i^mitm^^nisi. »3)i 1 3 2 c®igj?i£m 1 ji 1 3 

2 aJ;»5»<-r-So 

[0 0 3 1] ±H3bfe^«*4-c-® 3ji«ji i m/m 

2m/m3m) i:bT{i. 0/N/O, ON/N/0, 
ON/N/ON, 0/N/ON, 0/T/O, ON/T 
/O, ON/T/ON, O/T/ONASpJfgT-feS. 
[0 0 3 2] 4 0®ft$S:0 . 25~0. 

3 5 ^^D>gS^:t-■5^:^.«^ ^^')Tmf^^ (p 

111 ®^$i6i^aS{i2 E17atm/cm'g 
=3r-\' U TiDSriAas 1 1 2 ©^ijsfii^jgSii 1 E 1 8 

atm/cm' US.. ft^H: 8 0 nm^iK As^tf * bV^. 
[0 0 3 3] «Jai 2 1, 12 2tt. 

fiic^^l 1 OtcjgrSS^S 0~7 0nm®n^«Jl 2 

In. 1 2 2n*si~2E 1 Satm/cm' . 

fi\^(Dn* m^ifi IE 2 1 atm/cm' igg[T-feS:i h 
bV^, -y- hSffi 1 4 0 tt. nS^ifg^i/ 'J 
*fc{±#SSS5^';n>i:^'Ui^-'r K (tungsten sil 

icide, titanium silicide, cobalt silicide ^) t.<D 

[0 0 34] i*JV%-e. *IIS(BBSS®l&f^JSaK:oV%-C|{i 

mr^. BuiBn* M«ji 2 2 {cm^®iDja«(a [^ai-r 
5 (VB -2 9)„) Jii±] ^&flt^-rsfc, mm^^VT 

tam&X^ 1 1 2 T-tt, hijfiii'M 1 3 2 i: ostein 
SVB Ut±OS{a^*s-^®aHK:Ji^fig$n> -toSP^ 

(^rs^^nm) ^mMi^tz^^r-^ UT<D-mt. mmm 

^^ff:«riRlH:n* «J^1 2 2®?^[p^■r-feSS^AS#V^ 

ifi. is^mtc J: ») ^-v u TS?^fiM$«ite®;?fS|{crpi{t 



[0 0 3 5] miiLmmvB fcta^f sti>±®3i:^ 

aASPl 1 2t:®V^S§^T•«(S^SVB W±®mM* 

b-{pb^Ase>. ^®®«(±*m 

05 ^'{cSSI^S^'^SChiilel^-r-feS, >'';:3>®S^, 

1 E 6 V/ c TcKDm^r-mm h >^)vifi^ bje«>s t 

^^BS^Si:. i'';3>i:J^U3>^YbMi:®S{4|!?e 
3. 2 eVtcK^-rs«{4^^-^^SS$(i. m3 0n. 
mJ;^)®<{iT• &)5:V^. iiSJi^^l/^^^rV U 7®¥i9gS 
10 frSLoAJj^l Onm-efe5ri:S#i?.5i:. Cl®iS5S 
W3 Lo®S${^ffl^-rsgi5^trJl5jER^n. SteP^M 
VB &^lx.5J^^;^:^f^&^f•i>cli:As-et5^^UT(i> 

Al]3S$tlfc=^>';7'®l*I, exp (-SLo/Lo) = 
1/2 0®iiJ-&Tfet». ^(D^^^^)\^ti>y V^J^l'if h 
15 oi^®aA»*i)Sl E-8-efe5Ci:*#^5i:+^:*; 

[0 0 3 6] c-®fit®i4'(^> 1&^^m{cJ:S:)?|pI«t«60 
ifS* (1/10 0®3^-y-^:M«*)?>^^?.) ifi-^^n 
i®S{4Ma3:a-®S3!:{i 1 4 L o [e 
20 xp (- 1 4Lo/Lo) = 1 E-6] feirtX-'feV'.h. 
t£3l50CHE«E^I5J:^)*.jpJ^*s^b*V^o Cl®Bg(!IWT 
TV Sffil^MVB C^^1-smteM*f^»)Hl-r^i:®T- 
Si.^Sli6^igJg{i2 E 1 7atm/cm' W±T-feS, 
[0 0 3 7] -75. 3 L oT-S{4KMVB tK^f S« 
25 eH^Y'^ ?) mt- ^ i: ®T- § S ^M^KfSStt 3 ~ 4 E 1 8 

a t m/ c m' T'fe u Ttf^mm^^mm^w^ 

^ni.ft${±. 2o®nMR^l 11.1 2^iig^^|pl 
tcl 0 nm®:^— ^— ®;a$'t?a&5o 
[00 3 8] «:4b\ ^^;u=^f-<£Mfe=^^ U r*s|S?e!c 

30 a{::i?);?isi*^^Ta<^«^«tg'\aA^ns5s^{± 
u T®jtfT;&ini{c^B«9!M&i9;{t. ^^iSFtel^S vtsii,^^ 

35 [0 0 3 9] ifev^fv *SIJiiJ^«{c43{t5rD^^A;& 
^S*iJ;V■€®?^5S;^r^SK:o^^T§!^lH1-So rp^^Ai^ 

(DmEEm^mitiikrom. d -e ^ -s o 

[0 0 4 0] (1) 112 ®n* «:^1 2 2 VB - 2 ?i 

„ [VB : y-hi^Mi 3 2t^^^jiMmmmi i 

40 0 i:Om(4|!fS, ^„ : ^■\'^;bfl5J5g««( 1 1 0®7 :c 

[0 0 4 1] C®*DM«{5®tt;^tJ;f3. ^2®n*'ffi 
^122A>e>^-\''J TiPiltt ASB 1 1 2 'N^p^S^gflliJ^ 

45 TADjliaAgP 1 1 2^#ti^^tiT^2®n* 1 2 2 

«<^ia^T-®«{ji^{ci -y- b«fii^M 1 3 2 i:®ISi 

50 [0 0 4 2] (2) Ill®n* «J^1 2 1 (VB-2 
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[0 0 4 3] (3) ^-hmmi ^-hfiemmm 

^^)T^m2(Dn* mMl 2 2®ffiy's^i!j$-a-5C:i:*s 

[ 0 0 4 5 ] (4) ^ 1 ©n* 1 2 1 lc«(4lg<b&# 

2) ^©^^-^UTCaAttisV^, ^lOn* 2 1 

C 1 . 8 VJJlTOS(a*#in«s ^ l on* «Ja5 1 2 
1 5. ^-V U r#fc«&a5 1 1 1 'N=^r-\' 'J T*s#t|&$n, $ 

^K^^')TmmmA&ii 1 2fci^aj$n5<. =^>ut 

AnjattA?H5 1 1 2 'J TCDd «^f[ 

SL?&§{t5::i:«!<^2CDn+ 2 2 tCJ^^^ 

[0046] ciont^s mi<Dn* rnmi 2 1 K:««&-r 

S«t!i^> tzh^itOV, 0. 6V, 1. 2Vh^fii{:: 

iSr. 0V4:bT2fiit311S$-B-Tt.av>. 
^x^yn^m^ m^\i. ov) ^'M-rJlS/^tt^ 
4 0. mi©n* 18^1 2 1, ^2cDn* 
1 2 2CDjg-r-feSo 

[0 0 4 7] Itffi&fS* («it$tlTV^5:^-\' UT©5I 

^l*JirJ«^2®n* 2 1, 

1 2 24v^-rtl*)0Vi:U 'y-h«@14 0.^. 

[0 0 4 8] c:©i:t. c©^^U-fe;i'*fflV'>T, 

J®JtSfe»{c(i, ^i*®fc»©-y-h«JE$:::^?< bJfe 

T{±Yg**fTa>^» (verify) ^m*)&V. W^^O^^f 
- h Wfa«E 13 * T- r^St- 5 CI ASj^ST- 5 . 

[0 0 4 9] iBn^nfctf^s^^^m-ri^tt^ ^ i ©n 

* 1 2 1 's, (VB - 2 tAT© 2 . 0 

V*flt«&U ^2®n* 2 2's, fia|^«0V*#t 

«&bx y-hSfiil4 0^. «?iJ;tK2. OV^«$&bs 
mi©n* ^gj^J 1 2 l^NgStljitf^i^St^Wl^-S. C© 
«s«J^K';-i^««ffifit*ift©«?iSb*^MnJS:(t*x(S 

"0" i:*I^U V'f ^'DT>'^TW±0«giEASii5nn 
K "1" i:*iJ^^S (2ffliatt©»-&) , 

[0 0 5 0] =^r-\'UT©aAJ^^{i^*.S*)ffl®, 



U TMm^K^ 1 1 2 ©^/jft^iUK^fe^ip^ U 1 
1 lO^«ifiiB!iaKi:ll-tbT*.:^r-V'U7©aA«:pItl 

TfeSo 3©«^®^-vUTiDjlgr^Aa51 12{i. ^2 
©n* ^^1 2 2'NSffi$:tt^-r5Ci:t J:t)f^^^;i/ 

05 Bss^mmi 1 ot*i{3j^j5E$n?.^ra«i^«Mi:bT«a 

[0 0 5 1] 03 5izmLrc^mM(Dm2mmM 
m(Di.oic^ mi(Dn* imi2 imiz^ (^i®) ^ 

^'VTMM&.X&l 1 2a*}i^fiEb, ^2©n* 
10 2 2 i:^ 1 ©n* ««8 1 2 1 tcaffi^iS&^f'^&MJCt- 

n«> ^ 1 ©n* «^{pii 1 2 i«©y- hffieM i 3 2 
u r«ii!&ge 1 1 ui^ 1 ©:^-\' u rmmm 

ASB 1 1 2 at (?B2©) U riniffiaAglS 1 1 2 i: 
15 {C«SnT5^^^;UJ1$J5g«iai 1 OrtlC{4Sii-S, HI 
43J:tJ^H2®:^r-\''JTinSaAg|5 1 12 a, 1 1 2{±, 

4 0T{c2*3f©t3tSlt-1' h^#SCi:AST-^S©T% 
20 iSS&ST-©*«{bASoItM{3J5:So 

[oo5 3]«:*j\ mi<D^^^)Tmmmxi i 2&± 

©y- ^i|gi^Mrtt3«Jt^^^Tv^s=\^^ u Tmmmm^ 
m^tti^tsii. 112©^^ UTADMiiAasi 1 2*>e. 
aA^nfe=^^ UTm^^ffii^f •S'r-hsgiitMT:)^© 

25 1 1 0 2 ©:^-\' y TSOjaSAgP 1 

1 2©-a5) ^2©n* mmi 1 2ii^i^mmmm 

[0 0 5 4] ^<D^i'\F^mzir.:iiiiZi:*). m2(D^^ 

u Ttm^K^ 1 1 2 ±©-5/*- vmm. i 3 2 

30 ^nfcmiB{3. |IK±{i*#^tiS^i:«:<. ^1®^ 
^ U TiDjg^Aa! 112 a±ffl-y- hi^Ml*! 1 3 2 C 

';7'«#^Sga«i^m^fc«>{3H2©n* W^l 2 2-N#t$& 

^nsmecAsi. 2vr-&si:t-?.i:. H2©:\^^>jr 

35 iPi^a ASP 1 1 2 (D^tmsmm.^ 2E18atni/cm 
' <t^)'J^^^tn«J:V^. H2©dp-\'UTA0j®aAgPl 1 

2(D±.<D^-Ymm.m^^u.^-^nfz^^ ^}7mm-&m 

[0 0 5 5]-;i&> ±83b&^^U-fe;i'S»«bT^^ 
40 'JTU^&j|$j5g^5l?S5tt, 03{c*bfcJ;3fc:x 3?y:&|qi 
(3PJgt-5-fe;i'©'5^-h«3il 4 0 (G) &|al-©'7- 
Hi^LW (i) (3j^i^b. ^f;&|pI{3S!f}gt-S-b;b©Hl© 
n* mmi 2 1 (SD 1) ^|^-©t>;/ hi^LB (i) t 
g!MU ?iJ:5|qIt|»g?1-S-fe;i/©^2©n* fgtSl 2 2 
45 (SD2) ^|5]-®ftji^«LC (i) IzW^-fh, 

[0 0 5 6] :z(D^ott.Tv^mm^<Dyoif^L., m 

*s +f$a©Ma^(^fcBb{i. 31JR^tvfc-fe:;i/f3^bT, ±83 
®-lr;i/i&ft^x "T-bSfill 4 0^'7-Ki^LW (i) , 
m2©n* ^^1 2 2^ttjil^LC (i) , |gl®n* ^ 
50 J^l 2 l^b:>> hi^LB (iX i:^5!*^^TfTdCi:*^ 
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-eg So 

[00 5 7] y- h9m 1 4 0 ^y- KmLW 

(i) . ^2®n* mm2 2^\f:v bi^LB (i) . ^1 
ffln* 2 l!&J^aJi®LC (i) tCg^-rSClfctCi 

'f 07*0^7 A* J:Of^g*{±, ±13 Lfc-fe y 
-h«figl 4 0^y-H^LW (i) . ^l©n* ffiSJl 
2 l^rtSJ^LC (i) . ^2®n* ^Mr^^^^ hi^LB 
(i)^ i:Mi^^^;iTfTO^a*^-r-ti). 
[0 0 5 8] ClCDTlx^ffltfffiffliS^til-riSH:, ttMiSl 
LC (i) 'Ntt (VB -2<z5„,) WTfflSffi. ^?iJ^«2V 
Stt$&U (i) ^{i. «f!lx.{i3V#fe|&U 

br^^^hS^LB (i) ®m&tft«It-So :^r^'J7'«?^«i$ 

«lt6 (y-h«6i^Mi 3 2) ^:^^-^''JT3^)i^$^^T^^ 

[0 0 5 9] immWMlz^filiS.^ ^\ U TAJ^^^;i/ 

w^mmmi i o (^-^UTin^taAasi i 2) A^?>y- 

[0 0 6 0] ifcVATN *BBJffl^3SISEJi$ffi©^^ U-fe 
BI4®»faiIl*'J;.U^B15ffl^<ffilH]SSia&#Mb-r 

[ 0 0 6 1 ] ±13 bfc^ 1 . 2 

1, 2msMm^^. ±f3bfeia*j^gAK#-5^*Hib 

roi^^ABttcn* mm 2 it^^^^^)mmm.m\ 

1 0'N«if&1-S=^r1'U7*Sg5Sr'>^<-r-Si:aAi»^Sr 
«®^b-rSCl^:AS|tbV^o 
[0 0 6 2] -^CTn 2t:^B^©^3|lite^^T-tts 

u 1 1 1 *3<tti^-:^^ TiDMaxgB 1 1 2 ©± 
btji^j^-rscifcTN iapj?s*ci5u-i'tts5©^s 

*'>55:<b. 3Ep-37"Dy^A^©ttAa^fflaSc#*0o 
[ 0 0 6 3 ] SIS 1 0 ©aatttP 1 0 1 -bWi-m. 

1 0 1 ©^ia(ctt> ^ i ©n+ «^ ( s d 

1) 1 2 l*3<fU«^2ffln* (SD 2) \ 22ifim 
HbT?i^fig$nTV>5o mMl2l^ 12 2^© 

^^^)VW>^mMl 1 OlC(±, ^l©n+ 2 
l»g5bT=^^';T^!|i&g|51 1 lAsjBfiK^n. ^2©n» 
1 2 2 {^PgE bT=^r-\' TiniSaAgP 1 1 2 *SJ1^J^ 

[ 0 0 6 4 ] dp-^' U T^^&as 1 1 1 ©*H{Ctt> ^ 1 © 
y-biJ6ilil^l 3 l*^bT^l©y-h®ffi (Gl ) 

1 4 \ifiW^m^fix\<^^o HUfB^-vUTiniiiaAgp 1 1 

2 ©^stt±. mmummm-kmir^^2 ®y- hsa^ 



3 2S:n'b-t^2©y-h«® (G2 ) 14 2ASfl$ 
J5g^fnTV>5„ mi83IB2©y-h®|ffil 4 2*JJ;V^© 
1 3 2 {i. Bui3m 1 ©y- 1 4 1 ©n* « 
J^l 2 2ffl!l©-g|5i5J:t;'JSH^S^ J:5CMaS;$ti> H 
05 143<tli'l|2©y-h«Ml 4 1. 14 2{i. HUE3II2 

(D^-vmrnmi z 2vzii^xmmimm.^ixx\'^^o 

[0 0 6 5] II 1 *3<taf^ 2 ©y— 1 4 

Is 1 4 2^fflS{c^iSt--S«gi^M{±. ±fHbfecfc5 

10 :&^tiSbTfik© (ma©) *e«il«*B'Ji^{c}|^j5gbT*) 
[0 0 6 6] rnvsMM^wmm^m-r^^ 2 ©y- h*fi 

ItMl 3 2{i^«aiiT-fe?), *IBitefl5S§-c-{i, 
HA^fey- bSfill 4 affluent:. 

15- ©^®t:a{4i*M?&j^^t-sm 1 m 3 >K^bM 

[O] *fca:i^';3>K{b^YbM [ON] ) 1 3 2 as 

y Tit si«sti*«-r sm 2» ii^ u rj >a^bM 

[N] , m^t^y-^^jm ni^tzitmi. ss^t)*) 

^^^#^©/J»fev^^>';3>^^b^^bM [on] ) 13 
20 2 b. 43iUf||2©y— h«figl 4 2 i:©|^ffiC«{4Pt 
S*Ji^fiKt-S«3g (i^U=i>K^bM [O] 
rjy^fb^fbM [ON] ) 13 2 cS^»Jlij?-e«JSb 

fc3ii«Jg^&alfflbTV^S. 

"•[ 0 0 6 7 ] m 2 ©y- hmmm 1 3 2 ©boIB^ 2 s 

25 tt> m 1 g 1 3 2 a fc®#S. H 3 Jg 1 3 2 c i:©#a 

43,i;z>-i#©jatf ©'j>«; < 1 t^miz^^ v^rmmm 

ij Tinas Age 1 1 2A>e,||2©y- 
hilfi^Ml 3 2-vaA*nfe=^P-V'JTSffi3^-r5. . 

[ 0 0 6 8 ] *:v^-e. ±13 bfc^ ^ u ±)v<Dm<^mmvz 

30 OV^■rKiH^t-So *^il|$ffiT-{±. HI On* ffi^l 2 

lA^e)^-^;^^!^! 1 i'N=^rA'';T^«t$&u 

Cl©=^-\'Ur?£=^r-\'';T*DaaAg|51 1 2A»e,»2 
©y-h«g^Ml 3 2rt-N, M#H©«ffil^^^fea^T 

aA-rso Hi®n* mmi 2 Hfit^^^^jm^mm 

35 1 1 0-N^-V'UT^«i|&-rSfctoiC(±, JiJLT©2o©|fe 
ft^A. B©V^t*niP*Sfi!t5i-rS'i!'^*Sife:5, 

[0 0 6 9] ^ft^A : Hl©y-b«Ml 4 imb 
T. Ill®n* mmi 2 1 ^SiptbTH i©y-b© 
M<ii«ffiVthl J:^3t)«^^«^4&#^S> fe-5v^id:Hl 
40 1 4 1 fc3f^®-^«te^#i, m 1 ©n 

* fR® 1 2 1 ©«{44. Hgt3-^«ffi*^e.H 1 ®y- h 
a®®B5ffiSEEVthl §g|V^fcfiti»)t)fgV>m{4i:b 

X. m 1 ©y- b«s 1 4 1 ro^^^jvmmmmmm 

45 [0 0 7 0] ^ft^B :Hl®n* 2 l*5^^^;i/ 

JI^^^^CMbTlli^W t b. 5^i'4^;bJI^^«Ja6'x 
'i>iS!c=^-\'';7^ffiA-rS. 

[0 0 7 1] $ e>C. :^r-\' U T««&a5 1 1 1 ^■fTl.X^ 

-v'JTinjgJiASPi 1 2izm^^tltz^^'VT^. ^m. 

50 =^i' '>> yimmx^ 112^^2 ®y- hssiiiM 1 3 2 
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[0 0 7 2] ^ft^C : l|2©n* 1 2 2t. 

LT (VB -2 0„) ti±CD*njia 

[0 0 7 3] ^{^D :^2(D^-\-Wmi 4 2izM\^ 

X. ^^^jimmmmi i o^sipt^ (vb 

[0 0 7 4] :i(D^A' u rei^^-B-mtt^ ±tili'^fe 
^ i(D^- hmm 1 4 1 (Dm{iLtii:m^ncm^^^mx'^ 

[0 0 7 5] -r^t)*.; JiJl±©&^m-J:»3^ mi®n 

* mmi 2 lifii^^^rv T^i^gp 1 1 1 ^mm^ti. $ 

«>C^-\' U T'iDiaffiAgP 1 1 2-N;^»$nfc=^r^ 'J T® 
■5•fe^ l&?m^SltS^i:&<»2cDn+ ffi^l 2 2 

. i: (Dmnmw5.m t. x-mn l t ^ ^ u (i. ig 2 ® n 

* mmi2 2i,z§t^:^nrzmmmm:i^?>=^^)v^. ^ 

J;:V^m2(D^-Vmmi 4 2t«)^^tifc^^ UT^Ig 

iOMffiAgPl 1 2©-g|5^ (Il20n* mMl 2 2 i:CD 
1 3 2rtfcg|J^aA$*x> ^2oy-HiSfilgiMl 3 2F<3 

ftt. ¥mifi^n.x^^mzmm^ti^o ^^^jtcdw 

J^H'voaAASfrfcnSc 

[0 0 7 6] »:v^T^ ±l3Ufc;^t •J-fe;U{C43{tS=3p^ 

*ll^f5fl^®-c•^i^ ^ 2 ®y- hMi^M 1 3 2 bT±83 

b*:3Jg«3t?&8gfflLfc®-^. JWT©2®>)©tg5fe;>{* 

[0 0 7 7] (a) ^1®?^*^*-XA 
m2(D^~-h9Ml 4 2'N:^^UT«#t|H]S8'f4©«ia 

^#fcii&u ^2©'y-Mfe^iKi 3 -2taA -fflsi^^i 

TV>5^-VUT^^ ^1® 1 3 2 a^fflbT^^^;^?!^ 
fiKM^-^b^^v'l/^^-^'^^-a-?. (^©ilgtliei^S'fei^)^ 
M4i©3pJS«^H:8MV/cm@S) . Z.(Dm^^:t3- 
XA*Sfflt-Sfc«)fc{±. ^3jgl 3 2cJ;>)t)^l» 

1 3 2 a©=^r-\'';Th>^;i/8t^*ffi<a9:^bT43<C 

[0 0 7 8] mimizit. ^M&.wmm 1 3 2 13 

2 c©«lgA5|lIl:t?feS«lte)«^ Iliei3 2a®»$ 

^^3111 3 2 cJ:>3t,«<1-S, IP^SlBl-h-rs^ 

^2)ii 3 2b4^e.Mfc®-&©^ =\r-\' u T{;*r-r 



2«P^©>'N-UTigAS^3. 2JlF^©MUTi5i 

») ffi < «:s*m©iifi^^t)-B-s$Rffl-r So 

[0 0 7 9] (b) ||2©ri*^*^XA 
^2ffly-h«®l 4 2^dr+';7'i:M'5;S11'l4©«tii 
05 ^«Si&U ^2©y-hi^lKl 3 2t^A•^fil^^^ 
TV^S^-\'';T*^3jgl 3 2 cSh>^;i/a^$-a-r 

§i§^<. c©?i*^*-xA^gRffi-rs:t«)t{i. ^ 

imi 3 2ai!3*)^3JBl 3 2 cC^^^r-V U 7 b >^;i/ 

10 [00 8 0] *i*;9tjK:{i. ^m.immm(Dmmifim b-e 

^3lil 3 2 c©JP^*® lBl 3 2 aJ; 
t)*)?S<t-S. iP$^|Bl-i:^2.*e>«^ ^21113 2 

b*>e,M;fe*^©. =^p^'JT{c^-ra^3, 2gffl©A 
2»ra©y^UT]§i<t»)e<-r-5*rj|sj©iia 
15 ^^t>^^mm-t?>o 

[0 0 8 1] CCTn ±fBUfe^l©rg5fe^A-XA& 

mm-t^t. rD<y^A^i:?^5fe^i:t?«itt©«56tss 

|5jL^^2©y-h»g8l 4 2'N#ti^-r?.'i:'5A5fe?)o :i 

^^^c^bT^ :^mmmmx'{t. ^izm2(Dm^^-^=-:^ 

20 A&gRfflf -SCliiCJ:?), |B]— ffiftT-L'^;i'®M;5:-5« 
teSr»2©'y-hSffil 4 2-s^«&t-S:e»t-e> ='P^U 
T©a A*5 J;Ofg| ©31X7^ *s pjfg 5 , 

[0 0 8 2] -r^t)*.s :t^mmr^mx'itm 2 ©-r- biie 

i^Ml 3 2$3jl^)ii:b. ^2©'!7'-b«ll 4 2i: 
25 ©#ffltt»S{5iP$aei:bT©«3Ml 3 2 c&ffiBb 

fc®-c-. s^^s^^fgswt-?.^ 2 ji 13 2b ^nimh 

T-gs ^©SSMs ^3»l 3 2 c©h>^;i/ai^{c:J;5 

-y-hfi!l^©:^r^UT5|§^§*5qIteiC«tSo biPbS: 

*se>^ ='p+UT&'y-h{i!i'N§it^<©fc»©«{a*^ 

30 2©y-h«® 1 4 2'NTOP-rSi:> :i©«ffitiS« 
#A5^^^;i/fl$J5K«^ 1 1 2 fH(D^^ V T'st^^ffl-r 
5. 

[0 0 8 3] C1C1T% 5=-^^;L^lK«^*^?>^2©y- 
b*ei»Ml 3 2-v©3e-V'';Tf±A*h>^;i/a^{Cj;!3 
35 ff^ii^©^^ U^jiT't*^ 5^-V^;i'?l5mM^©«fflC 
(*^l«BJI5Sg©^ IM 1 3 2 atcffl 
a) ©=^^^'JT^>;?^;^SS^*s^<iS:^^^^TV^s© 
T% l|2©'y-h«egl 4 2-^©TOD«^i^3J:^)^^■r 
•2)«l^{cd;^]. ^^^)m^mmi 1 2*=>e>^2©'5^- 

40 hSftiiiM 1 3 2 ^® h >^;i'aAASRI^{c^4 b, 3lg 

±. m2(D^-hmmmi3 2iy^^^vT^^\§tk< 

[0 0 8 4] ^nfw*fbT> :immrMx\i.^^^}m 
\ 1 2*>e,^2©'!7'-hiife^i 3 2^®:^^'j 

•5©T\ ^2©y-hii!fe^l 3 2®^*,, ^l)il3 
2 a (^^-^^^l/Jl^figfflJaJilll) ©^^-^^ 'J T h >^;Hi*^ 

2©y-b»gil 4 2$r]g«tei:bT^. ^^^)mm 
50 «^iPe.^2©y-h«fe^l 3 2'^©b>^;H±Aa 
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[0 0 8 5] 5S:*\ ±f3b;fe^2©r^*^:ij:nXA^£rai 

im(o) . i^^)=i>mibmtm (on) ^A*a*b 

<^ MJP{i3nmtU±ASMi bV^, ®2)1 1 3 2 bi:b 

Tfi^ s^';3>^^bM (N) , m<t^>'5'}m (t) as 

m<m^ 1 0 nmWTKl-rs i:*sa* 4 nm 

[ 0 0 8 6 ] ^ 2Ji 1 3 2 bCDS/ 3 >SfbM«±^ 1 

m. ^3Jicfflv^e,ns>>'Jn>iMb^^bMJ;t)^)la^ 

>^';i/M®Mi¥{i5 0nmJWT45ii*bV^, glSBtt^-"; 
3>^fbM (O) tt=.iti^V::i>m^tm^hm (ON) jb^ 
a*b<> -ecDiK)Ptt2nln^il±A5M*bV^„ 
[0 0 8 7] T^t)*.s l|2CD'5;'-hSgigt)Kl 3 2®^ 
l/||2/^3Jl(>D®^^^^^t>-&tt^ 0/N/O. ON/ 
N/0, ON/N/ON, 0/N/ON, 0/T/O, 
ON/T/0, ON/T/ONv O/T/ONASnTH-e 

So 

[0 0 8 8] ^ IJi 1 3 2 a^3~4 nmffli^«;3>^ 

ihmt. 3 >m^tmm. ^3s&2~4nm© 

U :3 VifYbMSfctti- U :3 >^YbSYbM-e«i^-r*i 
f£«ET*|5]-11'tt®'y-b«JE-e7-D^7A43J:tF- 

[0 0 8 9] ^l®i:b-rs^U3>^^bM, 113 

«i:b-C'>';3>KYb^<biK&Sffl-rsoT-*n«, m 

;&*s^2»*>t>^/fc|^®=^r>';Tl*M*s<g<^ lilbMff 

«:S*^?,-efei.o ^)Bi:*)mS<bi^^SRfflf S 
©T-feti«> m3«CDlKJ¥?fe^lJBJ:?)*)»<-rsc:i: 

[0 0 9 0] t^l^TN »2®n* 2 2 tlHufBlfe 

f^C© (VB -2«i„) U-l±©AP)S«{i&«i^1-Si:, 
^2ffln* mmi 2 2A>f>:^r^';TJnaaAgPl 1 2^^ 

)v^—^n^o z.(Dfzisf). ^^vrmm&X'Siii i 2© 

tt> 2E 1 7~4E 1 Satm/cm' iibTV^So 
[0 0 9 1] 'SjbN U Tioa^AgP i 1 2(D^mm 
SKA^^-^ 'JT'Wil&glJl 1 1 J:^)t)ii5<l9;^^^^TV^S 
C ttt, n* ®^ 1 2 1 , 12 2 P^{C«SSffljD b*:B# 
{C, ^2©n* ^^1 2 2A»e)0>'^>^;^;i/-«ffi (<t 
•3A$'5:J9»^MT;^*^2©n* ^^'N^tj^-TS) ©:^ 
As»l©n* M^l 2 liS^h(DfM^^7.)\^-mS.i.*)% 



/J^$ < J5: S C i: T-fit^T- & €> o 

[0 0 9 2] ifeV>T> ±13 bfc«fJ5g®^fflg14^ ^ U -b 

05 ^14^^ UTU-r©® i©gE^:^&&^>bTVNSo 

[0 0 9 3] ';-b;U®^l©n* {gJ^ (SDl ) 

1 2 Hi, |Bl-fTlBl±A5br-v b$SLB C J: ?)fflSg?M^F 
nTV>So ||2®n* (SD2 ) 1 2 2(i. ff:*(nl 

10 ®lRl-?iJPI±Asttjli^LC fc:J:?3ffiS@gSI$nTV>S. 

^Iffl^y-bS^gg (Gl ) 14 Itt. |B]-?iJ|5l±AS'7- 

Ki^Lw tij:>)fflsjgii^$n-rv>So m2(Dff-vnm 

(G2 ) 14 2tt, |5l-?iJ|Bl±ASSiJ»«aLC {cJ;5fflS 
15 [0 0 9 4] E17{±x ^ff^li^^ •;Tl/^®§g2©gE 

^^:)^«<£^b.Tv^So =&^»^<4^^'J-fe;i/®^i®n 

* (SDl ) 1 2 IB:, |^-fflRl±ASbr^y hJ^LB 
;i'®&^2®n* «^ (SD2 ) 12 2 |lj±tt. fflSt 

$nTv>s. iii®'y-h®fii (Gl ) 1 4 u±. i5i- 

^J|Hl±Asy-h-i®LW{::J:f5fflSJgM*nTV^S, 112 
(Dff-Vmm (G2 ) 1 4 2(i. |Bl-ff|5l±AS$lJfflliKL 

25 [0 0 9 5] Buf3^1*5J;Ufm2®Jgi^ffi{C 

*5Jt5 ^ ^ u orp;?'^ a::^?*^^^ bfce9«yi5 
ar-^So 

[0 0 9 6] S^bfc;«{^ •;-b;i/§7'D^/'^A-rs (tf 

30 h «® 1 4 1 ® -y- h mmmmvihi d: *)]Sv^«{i v 

WPRlSrSliDbT, tr«vhJ^LB ®«{fi[lC J;-:>T{i, =^-\' 
';t««&SI5 1 1 ltI^-\'^;i/^J|JfiE-^tS JLacfS. 

a^R^^^Tv^i,ftai^a (n* «j^i 2 2) lc ca, m 
E^f't^cfrtj^oT (VB -29S,,) J; ^.iSv^Ap^g«^t^ 
35 ^siiQb, ^^^ti^®ttaij;aLc (ctt, m^^^ms.^^ 

*.<£vaM>' W T:^*|qi®ffijga{4. «»J^« 0 V ^eiin-r 

5, ^^R$^^TV^2.$liffll!^ (^2®'!;'-b«^l 4 2) 
LS Cti, HuSBsfef^DtCtieoT, tulH (VB - 2 flitj) 
ct»)*»iiSVA=^^UT§|g^-a-«{4^&TOQb, #M1R®*J 

40 fflliSILS Jctt, h>^;i/«S5{cJ;S7"D^^AAs*b«: 
V^ajg®^^«tiJ[, «?iJ^«0V&EPiP-r5o 
[0 0 9 7] bf>> hif^LB fiuSB^-mLW }C« 

i^$ns«(iVWPRlA^^,Bui3y-hMfii«£EVthl 
^[V^fcflt (VWPrl-Vthl ) J; ►) ^iSv^m^StiVBPr 

45 As^feTOD^tl-r^St), >^D<^^AB#(C{±. 8513^^ 
(VWPrl-Vthl ) J:») t.iav^®ffiVBP^l^fc{ifgV^« 

(iVBPrO^, f3f)i7'-iJ'®rt§{;:iiSb-r8iAo-rs. c:® 

bTy M»LB 'vOgiAomiSiVBPrO*, JttiiafS^b 
50 ^i^ASftSo 
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[0 0 9 8] lil±cD7*o^^A»Y^{c:j;!3. mi®n* 
^^1 2 \t^^^^^)Tm^^l 1 l'^aA$n*:=^r-^ 

Ml 3 2 (^lJil3 2a) DM 
^T^2«l 3 2b'Ng|J^aA^tl^ tr^;; hi^LB 'NO 

[0 0 9 9] MJKbfc^^U-b;i/©t3tt7^-<$'^ 

TJ^mVBRD 5£Slinb. $lJfflII^LS fcrtt. Il2©y- 
>S8S14 2®^ rp^^A^tl&y-hKIfitmjEVth 

u y-Ki»LW titt, ^i©y-h««Bi 4 i©y- 

bBiffiSffiVthl .tDtiiftV^SteVWRD ^EPAD-TS. -e 
bT> C©)K^T-lf >y MIgLB {ilMnSSSKiWRD 

>^T>r{r i ?)tftM]^S:ii:-r-^^ U-fe;i/©:^>/:^ 

[0 10 0] ;<^U'k)V(Dmm:^mminytiv 

^ A:&^{i±IB b&;&^t::|5S^$n-r, WT® J: d t: b 

[0 10 1] S9(i. m3<Dmm:f3m^mvtzmx'& 

S-^^^tt^ttU-fe;!/©^!-©!!* (SDl ) 

1 2 Itt. ff;&|fii{3Psr5p<^u-ir;HBi±T-rtiigi^ 
^tiSh^tt; ^®|5]-?iJ|sI±AsjtJli^LC (Cibtia 
mm^nX\>^?>o l|2®n* (SD2 ) 1 2 2«±, 
PI-fTlBl±*sif>y hiilLB Cj;^3fflS^^ig$^^TV^5o 
mi<D^-VmM (Gl ) 1.4 Itt, [1I-!?IJI1I±*S'7- 

(G2 ) 14 20:, m-^m±ifi^muhc iz^fjms. 

[0 1 0 2] BlOtt, ^4®g?ig|*iS^?xbfeET-* 
»3x $^»^'f4^^U-b;i/®^l©n* ffi:^ (SDl ) 
1 2 1«±, ff;^|qI{C|?|g§-rS^^ 'J-fe;HB|±T-tt3lgEi^ 
^®|i|-^JI^±As^*a«aLC {cJ:t)fflS 
^i^$tlTV^?.o |g2®n+fflJS (SD2 ) 1 2 2 tt. 

^-hmm (Gl ) 14 Hi. i5l-?iJ|H]±3!)$'7- Hi^L 

w izjiiymsmit^^ti. m2<D^-hmm (G2 ) 1 4 

-So 

[ 0 1 0 3 ] 0 1 1 {i. ^mm^mm Ltz^w^^^ =e 
u -b;u®^ 4 mmmcDmmmx' ^*). mmt: iri-®?? 

[0104] *iBffifl5^T-(is ^ 1 (D^- vmm 1 4 1 

*SJ;lF^®y-h«fiigiMl 3 1 i:> ^2®y-h«fiil 
4 243 J;tJ?-^®y- MligiglK 1 3 2 i:®Sffig|5K:*ltS« 
5fe fj Huf3^ 3 ^J]^^ i: itmx- ^*)s mi(D^- 
b«8il 4 143J:Uf^®>y-b«gi^|gl 3 1*5^2®^ 



-h«8il 4 2®^l®n* M^l 2 HII®aa*JitJ« 

[ 0 1 0 5 ] H 1 2 tt. *|gB^<feMffl bfe^Jf^e^^ 
';-b;i/®^5j|S©K^©Bf®0f fe?), Buf3i:|il-®^ 

05 ^^±lBl-*fc^ilB]^gl5^**bTv^•^)o 

[0106] *Slfl(i}|5SgT-tt, m 1 *J<ttF^ 2 ®'y- h 

mmi4i. 1 4 2i}i^2(D^-vmm.mi3 2^m/v 

X'&m^ti. ^aS^2®y-hijife^Ml 3 2{cj;oTffi 

s.izmm^tix\^^. 
10 [0107] ±§3 bfc^ 1 ^tv^ b^ 4 mmmx 

(±, ^143it;f|g2©'y-hmill 4 1, 14 2^^1 
*fe(±^2ffly-h*fegMl 3 1. 13 2T-fflSt:$ft^ 
t-St)®i:b-rSiWbfcAs, fib® (^3®) «ag|^f«6 
i^bTt)MV^b. $.si^H:mi Sfctt^2®y-biife^ 
15 Ml 3 2. 1 3 2i:fte®«gi^Mi:S#fflbT^fiCiiei^ 
bT*>AV>o • .. 

[0 10 81 El 3tft«bT?Nbfe^6lll!(BJK 
m(D^olz.. ^ 1©'^'"— h«fiSl 4 1 i:^2®'J/'-h« 

figi 4 2fcoM®iK^^M^jiii>$-&Tigi&as^,aft# 
20 -rsfcfctc. n 1 ©-y— 1 4 1 ©±a{c^4?)Sfb 

Ml 4 Ib.SJi^jSJbfc?), -y-hS^l 4 l®SffiHSK 
-fbbT^fbMl 4 1 a&ffMbfc»3. feSV^{i^<bMl 
4 1 a®«;t) 5 tc. y- bS^S 1 4 1 ©{ffilffliCi^i^gBtJ 
i:b-r®1^--1' Y^it-)\^ mm^-t)' SrJigfiKbT*)^ 
25 V^. But3-9-'f fci:;?.«*«l 0Oi«B 

[ 0. 1 0 9 ] 0 1 4 tt. *^B^^affl bfc^S^I*^ =e 

^)^z)v<D^immmo^mmm. 015 a:, ^o^fiBiii 

30 l^^^^bfe0T-fe^), Sfi§3i:|3l-©^^{i|Bl-Sfe(i|B| 
;nc2br'y b^®7*-^^3ai3ia5t«i#-^tSJ;-5lcb 

[0 1 10] a«l 0®«[a{r{i>i7i;n o l*sji^^$ 
35 ^^^ ^®mB{^(i-*f®n+ (SDl ) 2 2 1, 
(SD2 ) 2 2 2*s«tMbT}i5^$n'rvvSo ffi 
j^2 2 1. 2 2 2fSi(D^^^)m)&m.mi 1 0{3{i. ^ 
+ U T^I&gB 2 1 1 )fe 1 43iy^ll 2 ® U T 
»0j$^AgP2 1 2 L. 2 1 2RASf^-\';^;i/;&|qI{Cj&oT 
40 fl^JER$ntV)So =&=5p-\' U7APiSaAg|5 2 1 2 L, 2 1 

2 Rtt. -en^n^n+M^ 221. 222 \zm'&mm. 
^+ u TttiSs&gB 2 1 1 {i^^r-^- u Tmm^xm 2 

12L, 2 1 2RM{CiaM$^^TV^■S« 

[ 0 1 1 1 ] :^-\' U 7m^2 1 1 ®m®K:{i. ^ 1 o 

45 -y-hi^i^Ml 3 1 ^&^bT^l©'!;*-h«fli (Gl ) 

2 4 i*sjfjfiR^nTv^5, mi(D^^^)Ti3mmxm2 
i2L©*S(c{i, mMummm^m-r?>^2<Di<D^ 
-hmmmi 3 2Ls^b'r^2oioy-hse cg 

21) 2 4 2 L*sj^JEjK^tlTV>So ^2® iC-y-hftgi 
50 2 4 2 Liz^T/^(DmSim 1 3 2 Ltt, SulB^ 1 ®y- 
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®lCDy-htt«i2 4 2L{±. Hul3®20lCD^/'-hSfe 
i^i^l 3 2 LtioTffia(C«6ig^nS. 
[0 112] IBI^IC, ^2(D^-^^}Tmmt.X^2 1 2 
RCD^Htttx «<Sf««f«ltl*Wt-5^2CD2CD-y-h 
msmi 3 2R^^bTl|2 0D2©-y-h«Bi (G22) 
2 4 2RAsjBfi|(;$nTv^So mi^^2<D2a:>^—hmm 
2 4 2 R*5 J;Ut^©MigM 1 3 2 R«i. BugBH 1 (Df— 
h«ffi2 4 l©n* ^«J2 2 2{By©-g|J*SJ;VSiia&a 

0 idtMgS^n^ l|lCDy-h«112 4 143J;t/^il2 

o2®'r-ha«i2 4 2R(i. mt^m2o:)2<Dff-vm 

mWLl 3 2R{CJ:oTfflSK:i^$n5. 
[0 113] *IISfi}i$Sg"C-H:. iSMSmb^^M-r^ti 

buhb^ 2 cD^y- vmmm i 3 2 l. 1 3 2 r*? 
V X * ^mmmr- ±13 b tz^msmm t mm. 

M [0] . i^'j3>^<b^^bM [ON] *fc(±>';3> 

^^bM [N] ) 13 2a. =Sr-\' U TMiS^StSSr^f 

2m (S'';:3>^ibM [N] , m<b^>'S'jm [tj * 

fcji^ 1 . 3s J: t) i>mmmm(Dis.\^i^ u n ym^tmih 

m [ON] ) 13 2b. *<tt;«^2®'i/'-bS;^l 4 2 

i: cDi^H atews ^mm-r ^msm ( 3 >^<b^ 
-fbiK [ON] s&tt$^';3>^biK [o] ) 1 3 2 cs 

[0 114] (S«fiESg«jA5^®T-feS h5 
8B^ 2 CD^y- h«6lgM 1 3 2 L. 13 2 RttV^m*) 

[0115] ±IB bfc«^t *V^-C. ^ 2 CD 1 CD-y- h 
M^M 1 3 2 L-v^^r^ U T^^A-rsi^H:. « 1 CDn* 

mm2 2i izmv&mmma^mm b. jt^^^ 2 ® i ®y 
-hs®2 4 2 L^Hu§s^+';T?i§^-a-m<5*#t$&-r 

^<D-:^X\ ^2CD2©y-h»ei2 4 2R-s(i, 

2i:CDra(c#^. A^o^lCDy-hSfii2 4 l--.{±. 
(D^-hmmmZJi ») 4)::*:^^^St^[|ISn* «J^2 2 2 

[0 116] ^ItlKJ:?). «2CD=Je-\'UT*D3^aAgS2 

1 2R{in* mm2 2 2i>>^^^VTm^Si2 1 1 

ttStC, =^-\'U7'#ti^gB2 1 mti.Xmi(0^^^)T 
inm&X^ 2 1 2 L'sfl^S^;* ns. ^ 1 CD=^r-\' U 7*P3^ 

aAa3 2 1 2 L{3#t!i&^nfc:=^-\' 'JTcr.^*.. m^msi 

MAjli^^rVT^. n* M:^2 2 1 ^r^|&$^^■^:v^i.H^ 
>y-h®«i2 4 2L{C«^$nfe^-\'UT§|^«-a-«{4 



[0 117] ^2ffl2©y-hJ|fiiiiMl 3 2R'v 

u T^iiX-t^mii. n* ^^2 2 2 trBtji3ina« 

05 te^£««ab. tf-om2(D2(D^—}-mm2 4 2R^mti 
=^-vU7'Bi^^-a-mfii*«*&-rso -ew-ii&T-. ^2© 

l®':;*-h«S2 4 2L^{i. ^ffly-hSaffiSBE<t?) 
t)A^v>fl;{4M*n* «^2 2 1 i:©F^ic-^^. 

lO'i/— h«®2 4 I'vji, ^(D^—hmm.mm^*)i> 
[0 1 18] cntctt). mi(D^^VTmm&x^2 

1 2L{±n* ^^2 2 lA»e.=^-\'UT#ti^gP2 1 I'n:^ 

■\' u T^mi^T^^^' vrmmt Lxmm u u t 

ttMtC, :^r+ U T^fciS&SB 2 1 1 ^fecO^bT^ 2CD^-\' U T 
15 ilDiittASl5 2 1 2R'vet$&^n?.o m2(D^^VTl}m ■ 

^xsR2 1 2R(c#tii^$^xfc:^^ij7'©a-6. m^wm. 

SgftSC i:* < n* «S«j2 2 2 i:<OJ|EI^M^jffi^*-e 
^i^:^:^■V UTtt. n* ^^2 2 2 fc#t|^^nTVAi>AD 

20 hmm2 '4 2Rizm^^tlti^^UT^\^W-&miiLlCj:. 

[0 1 19] :^mm.mmi,z^fii£.. m2(D^^-Y-^ 
M 1 3 2 L. 13 2 R(D^tl^tl^zmm.^-i^^:m^^Lm -• • 

[0120] ^^JEfl^^T- 1)^ 2 ©#'^- ■ 

IK13 2L. 1 3 2RS3jifl|igi:U ^-\'4^;WBJ^^ 

[0 12 1] ^?>{C. m2<D^^-hm^l 3 2L. 

1 3 2R©^i;B*5J;V^3Jg©=Jp-\'UTh>^;Hi6s^ 

^±f3i:|Bl«{c$iJfflIbT^^ UT^-?f- 

[0122] ^ 1 6 tt. ^^BM^mm bfe^fffgtt^^ 
40 ^ttra-*fc{iiii^Sfi5^s-*«b-rv>s. 

[0 12 3] *StSEB^i:±§3bfc^7||JEJi^ffii:tt>;;' 
-h««g®±TBH5^*sM^t)> ^l®'!7'-hS«i2 4 1 

143±yf2©y— h»Bi2 4 2 L. 2 4 2 R©SggB43 J; 

45 xrmm^mo^3izmm^ixx\^^^o 

[0 12 4] ^mmmmxi). ±mvfzm7mtmmt 

mi(o^-vmm2 4iifi. '^n* i^m2 2i, 2 

2 2?£«BfbTiE^1-^®(^«Ta^filM^i§ttT-SS. 

50 [ 0 1 2 5 ] 0 1 7 tt. ^m^^mm bt^ff^^^ ^ 
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[0126] *JIS£Jf^«T-{±^ U Tfitf&gP 2 1 1 CD 

«®2 4 1 ASfl^fig^nTV^-S. ^ 20#-y- h«fii^M 1 
3 2 L, 13 2 Rtt. UTJOi^aAgB 2 1 2 L. 

2 1 2Ri:^2cD#'y-h«fli2 4 2 L. 2 4 2Ri:CD 

[0 1 2 7] ^2CD^y— h»g|2 42 2 4 2R 
Huf3#*-\' U 7Mmi.KU2 1 2 L. 2 12 RCD« 
HCBfi83«2®y-biiei^l 3 2&^bTs 

^y^yv^mmLtzV-^ ^•'^:^-;^i:bTm^^^^Tv^ 

^lffl'r-hS1ii2 4 iCDiSPtCfi. ^-KSf^LW 

[0 12 8] )5;4b\ ±fBbfc^9^fl$SgT-«i> ^2 CD 
-^-h^gi^JSl 3 2t:mi<D^-hmm2 4 iCD^Ht: 

w^m\^rz(Dios mi(D^-\-mm2 4 i(D±mimiii^ 

#T'7-mLW Srge^b•t^^S. bfc*SoT, SIBSt. 
(i^l BlC^bfcid ';7'-h«ffi2 4 lCD±iS?f|5T- 
tt-y- 1 3 2 < ^ , ^KgP^t-CDSfiiii^j 

tlA^ISTb-CbSao ClCDJ;a55:«-&C«±. 01 SC^' 
bfc^l 0^}^S§CDJ:aC^ >y-hSffi2 4 iCDSgiS 
t:mihl.Xm<m2 4 1 a^JJ^JSKbt t), feSV'.am 
m2 4 laCDttt)»3{C>7'-h«SB2 4 1 CDiROatCi^igiaS 
WtbTCD-tJ-^ K'i';*— ;i/ *}^figbT*.fi 

[0 12 9] ci®<tdc. ^^-hwm^^-hmmm 

WcD^g»;&jgT$#Scii:4s-r5SCD7?jl5Ms (S«;t;lg 
[ 0 1 3 0 ] 0 1 9 (i. ^^B^^jgffl bfe^ffSItt^ ^' 

u-fe;KD^ 1 1 ^jf^sicD»fffliaT-fe mmtm-<D 

[0 13 1] *S5SiSB«T-(i. ^2cD&y-M&i»Ml 

3 2L. 1 3 2R<£HUH3i:|B]«(3 3)l«3ii:-r.5-;5 

^2CD#'i^-b»®2 4 2L. 242R<DmmVzM 

mhtz^m4oitm2<D^-h9m2 4 2L. 24 

2RCDffl!ia{3j^^b/fe1^-^ F-i?;*— ;i/4 0 2i:T\ 111 
CD'y-MMi2 4 1 tm2CD#y-h«382 4 2 L. 2 

4 2Ri:<&tBStr«S)i'U m2cD'r-bSgigtMl 3 2CD 

-gB*3i»y5^>^/b-rsi 1 cD-y- hmmm 103 ssa^ 
[ 0 1 3 2 ] E 2 0 tt. ^mmcDm 1 2msmm(D}isim 

la-efetJx H5fBfc|SI-cD??^ttPI-*fcH:|5|^g|5^&a 
bTV^So *IIS!0l5^T-«i. mm^^'')Tmm^XSi2 
12L, 2 1 2RCD«H(C©||gPSL. SRSISlttfcjiS 



[0 13 3] «;43> HufBS^aJSL. SRtt±f3b)fc# 

ll^K^$fficDv^■rn{c^)®fflT•^2.As. z:ixit. mtm 
1 stsbtuiB^bfc^i o^jg^cjaffibfc^^^ 
05 mizLxmBM-t^o 

to 1 3 4] ^143J;t;f||2CDn* ®JS2 2 1. 222 
(i> ^tl^n^^ U T*DjS?£ ASS 2 1 2 L , 2 1 2 R i: 

^mt^mmi^nm(DitmeF3f&mm. ( i e i 9 ~ i e 2 

Oatm/cm' ) -p, *^o^ojg-^^:^2 2 1 2 
10 2 2 n*;&-rSo ClCDgf-^J^2 2 1 n. 2 2 2 nH:^ 
n+ffl^2 2 1. 2 2 2cDpa[ (1 E 2 1 atm/cm 

' ) ^^mmmx-h*). m-^m&^^mt^tmmi^. 
m < mmir^:i tx\ u ran^a^cD^Hififiic 

15 ts\.rz^mmmmizi,mmi-^:itifix-§^o 

[0135] .Z(DWk-^m2 2 1 a. . 2 2 2 attlftllgP 
SL, SRCDlS^^WTCDgp^. t-3a:i3*)> IR^^fciPJi^b 
«iV^J:^(cBa;(t?>ns. ^mmmSL. SRcDjS^^Ji, 
n*^J^2 2 1. 2 2 2A>?,:if-^ •;riDM?±Agl52 1 2 
20 L, 2 1 2R's®iJcs^p^|HgfM^|^tCffiM-rSSE^C 
ISttSo H!if3S!llg|J S L , S RCDSiltt 110 nmWl^ 
T-$.5ClfcA5M* b<. S^bfcid*:^^ 

CO 1 3 6] i*:^^T^ 13 2 1 &#MbT 851316^9$ SR 
25 (SL) (Di^m^Utm-t^o :^-\'UT«*&gP2 1 lA^e, 

u TiajaaAgp 2 1 2 RcomMTGimi^m^^titz^ 

to.^-VUTCD-gP (M^^EPB) ttl9!MSa5SRA^e.1&? 
30 tScSLMb-tttg^. «K2CD2CD'i''-hSfi^Ml 3 2R'Na 

?)x ^-VUTSnaSEAgpa l 2RCD«fflAS®;MgBSR^ 

35 CO 1 3 7] ±l3bfclS!ll«jg{i> =^r-vUra 

liS&^+ U TiPjaaASPCD^MfciEt^ltSttStl^^fe^ 
©Tn M^BT-^^ •;TiDj^?iAeB2 1 2Rf;:^#-rs 
^-^'UT*). n^ffiJ^2 2 2 (nMJ®2 2 2n) i:CDi^ 

#a5i£fij*T-ii«^*, mm2 2 2izm^^tifz)}mm 

.40 {4fc^2CD2CD'y-h«ffi2 4 2R{C^«&$^lfe:^-V'U 

T'eig^^StitcDffiSMffltcj;')^ iS«-rsfit^'J>^ 
< . ^ 2 CD 2 ©y- hfmm 1 3 2 R ti^^M <a5^tt 
A (M^EPC) $ni.o 

to 1 3 8] CinilttMCs 02 2CS^NbfeJ:-5t:, 
45 'J Tim^^X^ 2 1 2 R®^®*s^aT-$. »3 . d^o^ 

im. n» 2 2 2 < T^i^r-^' U TiDj^^ 

AaJ2 1 2R®«ia*»«>|^gB{C|RlA»5c l*|g|5T-^^;i/^ 

-^f#fe=^r-\' >; Ttt, «csL;^nTy- hmmm i 3 2 r 
50 ©;?'^iRi*^o-t:*)^ ^S(c:sij:g-rs*T-©EEgiAs^ 
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[0 13 9] .itit*tb-r> y- 

[0 14 0] m2 0(D':;:x.)vmmiithVy)V^^)Vtm- 
atR (pM) {C^bTn>j73i;H 0 243iUfp'i' 
3i;H 0 lCD2S^D'i7^;^^ii:&#b•rv^5o 

5S:h'J^;i/->:ii;b^Jik:<t*i«> »Kt*fb-ciE> ft® 
;i/ii7ai;i.fl|ii{i. ±i3bfc#IISi6fl^Si{C4)|Bl«tjiffllI 
[0 14 1] «v^T^ ±iBbfe«fiS(D>{t';-b;i/*fT3«J 

:;&iS*^bs 02 4H:. ll2©g!i^;f«?£s^bTv^s, 
[0142] EI 2 3 tC*Jl>Tv ^^ff^-ffi^^ U -b;!/© 

ffiJ^ (SDl . SD2 ) 2 
2 1. 2 2 2(i. ff^^lRlCPSE^S^^ ';-b;HBl±T-tt 
^©|Bl-^J|5|±ASbr^; hMLB C 

<t ^)^gsg^i^^^^•cv^s, mi<D^-hmm (gi ) 2 

TV^S, ^2© l®y-h««g (G21) 2 4 2 L{i. |1] 
-5iJ|5l±AS|gl^JfflI«ILSaic:j;t)ffiaggigg$n. ^2© 
2©y-ha8g (G22) 2 4 2R(i. [sI-5ijra±AsSI 2 

[ 0 1 4 3 ] la 2 4 c^^v^■t^ ^ 'J 

iii®n* (SDl ) 2 2 itt. m-nm±iifi}fy 

(SD2 ) 2 2 2{i. ff*|RltcPg!l-S^tUHr;i/|B]± 
T-it3igEi(^^ti.Si:«K. ^®|SI-?iJ|SI±Asjtaii^LC 

(citJ^asSi^^nTv^s. mi©y-h«fii (Gi ) 

2 4 1 (i. |5]-2?iJ|sl±*s'7- KJSLW i fJtBSigigg^ 
nTV^5. l|2©l©y-h«@ (G21) 2 4 2 L(i. 

m-mm±ifim i sijamaLSLt i »)*asg?M$*T,. m 2 

®2©y-b«fii (G22) 2 4 2R«i. |Hl-3?rj|i|±AS^ 
2 ilJfflli^LSRtC J: f) IgSlg^^tlT V^ So 
[0 144] ^2 5{±. ^2 3©7W"f ^^fiE-rS^^ 
U-fe;!/®-?*. tT'^/HSlLB (i) , LB (i+1) izl^^ti 

[0 14 5] (1) ^2®2©y-bj^ii'j^l 3 2R^© 
^^^}T&X: trvMSSLB (i) ©«(Si*, 
y-KJ^LW (i) ©«teVwsl A»e>^l©'5^-h«112 
4 1 ©-y— Mgfit«£EVthl SBlv^fcfiSJ: ^^«^£t 

[0 14 6] ^fev^t?, aiR$nfey-mLw (i) ^s, 

||l©^^-h««g2 4 l©y-hglIfiS«)EVthl i!) 



(i+D'N, (VB - 2 a±©Ani£SCiVbitsl & 
«W«aLSR(i) 'N, (VB -^0,) JJA±©^-V 
UT§l§$-B-«{4Vcrlsl 5|:#tfgu $iJ»SSLSL(i) 

05 th2-l J;^):^§l^St^fVc^lnsl$:«$&b^ #jlS?©y— 
mLW (i) -vtt, H5f3^1®'5''-h«ffi2 4 1®^- 
M§ffi«£EVthl J;?3/jN^V^«{iVwnsl^£flti^-r5 (ti 

[0 14 7] ^bX. ±l3'7-KiiaLW (i) -^©mtstV 
10 wsl ©tt«&^. BuffibT-;/ hMLB (i) ©SfiS^^b^ 
«©::*;/> [ (Vwsl -Vthl ) J; t):^§v^Vbitl. 

[0 14 8] C©«ffi««&:iJii&ftt. \£y hmLB (i) 

15 tttr-^^hj^LB (i+1) ifii^—o^Bizm-cDmrn^m^ 

^tl. t:>;'MKLB (i) A^e,— OiJgtC, rDi^^Af 
Stt^K:<iSbTVbitl*&{iVbitOt:|S:^$ti5o ±13 
t««©MJRm«i2fit©«-&?&?xbfcAr VbitO^^fg 
Ix-c;!/ (VbitO-1, VbitO-2. VbitO-3) ii-ttit£^m. 

[0 1 4 9] (2) m2© l®^-h^l^iKl 3 2 L'v© 
^■\''JTttA: fcr<y hfSLB (i+1) ©«:(4?&. MlR^n ■ 

fey— Hi^Lw (i) ©«{4Vwsi ipf>^i©y— b«ig 

2 4 l©y-hgaffi«jEVthl $r?|VYfcijtJ;f):;'c§V>« 
25 (siVbitpC^i&IS^-rSo 

[0 15 0] ifev>T-v st/?$nfc'7-Ki^Lw ^m© 

y-ha®2 4.1©'y-hMfjt«ffiVthl it) (i^ffi 
TO ±§\^niiLVvsl *««&U tr>>hiKLB (i) 'N 
(VB-2 0,,) W±®*D3^mtiVbitsl Stt*&b. $IJ 

30 WSLSL(i) 'N, (VB -flioj) «±©:^^ U 7*?l§^ 
■^StiVcrlsl 4«$&b. $iJfflIi^LSR(i) 'n||2©,2© 
^-h 2 4 2R©'y-Mlfit«EEVth2-2 J:t»:*:tV^S 
{fiVcrInsl&tt$&b. ^^illR®V-F«ILW -n, mtim 
1 ©y- h»gi2 4 1 ©y— hSafiiSJEVthl i ti 

35 $V^«{£fVwnsl&tt$&-rS (W±. + 

[0 15 1] ^bt. ±f3'7-KJ^LW/Nffl«{4Vwsl 
©«iS&^v HuiBt:>yh^LB (i+l)©Sffi^^lb$-B-. 
-e©A'h [ (Vwsl -vthl ) <J;t)A§V>VbitU 

40 (i/J>^v>vbito] x-yny^j^ir?,mm^miR-t?>o 
[0 15 2] c:©ii{4Wil&;&ffi-e{ifcr>>>i^LB {itf>v 
hi^LB (i) o43^(c:|l]-©S(aCa9:^^*x. t: 
hif^LB (i+1) A^f)-o*3t{c:, T'D^^A^i.tS^ 
{c:jsSbTVbitl*fcttVbit0i:l9:^$ixSo ±tBW«© 

45 3lJK«(att2fjt©«^^S^bfei)S. Vbit0^^fitl/-^;i/ 
(VbitO-1. VbitO-2, VbitO-3) tttilii^mmm^ 

[0 15 3] ±i3bfcj:dtc. y^mm^m(Dyuv^2:K 

{i lo©-fe;i/{cov^T2(lIff3ch{3;feSo *fe. m& 
50 ■rS2-:>®-b;i/f{ix -;&*s^2©2©y- h«Siig|K2 
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4 2 R'Nip^ ij T<£aA bTV^?) §{iffe:&{i^ 2 CD 1 
CD-y- bSS^M 2 4 2 L'vdp-v. «; T'SrSX-r S CI i: AST? 

PSe-r ■5-fe;H5l±tt 2 [UicSiJItT 7"D A-r 

fe-s. dcDfcg, ®j«LSL (LSR) \,z:;^^y/um& 

[0 15 4] ifeV^t•^ miiTU-( <D^;i^^)±Mzim. 
[0 15 5] (1) m2(Dl(D^-h^mm2 4 2 L^S 

«^nfcw#®«g5!fmb : m^^titzu- mLw (i) 

«i|&bs tr^^hSSLB (i+1) -V, ^^^jmm^l 1 
0{CM-rSM;?rSlS(&Vbitrr ^^$&-rs, ClOVbitr. 
r (VB -2 0„) <t»3/h$V^m-C-$>S. 
[0 15 6] l^^y hiiaLB (i) 'N±|BVbitrr 

<J:^)/^^v^ (-gD^j^tf) mvbitii ^«i&b^ mm 

?ALSR(i) 'N, rD^^A$tlfcaft®^2CD2®'!7'- 
hMfii«E®*:^fliVth2-2maxi»);k&V> (i^^flSf) 
SffiVcrlrc ?£#t«&U $iJ»«|LSL(i) ro^^A 

th2-l-i+l i:©ra©«4*«^-r§<. ^bT^ i^^^hm 
LB (i+1) 'NSsSASMnnJi^ 112® KZ^y— M8fiia 
ffitiVthl-i Je^T■^fe^)^ Vthl- 

i+1 feA±-r- s i: fl»f -r s o 

[0 15 7] (2) m2(D2(D^-}'m.mm2 4:2R^m 

hi^LB (i) 'x. 5^^^;i/JKfiKffi^i 1 OizMT^m:^ 
|fil«tavbitlr ^m^-t^o C©Vbitlr (i (VB - 2 

[0 15 8] $?>{r, tr-v hi^LB (i+1) -\±t3Vbitl 
r itJ/h^V^ (HfD'fe^tf) SteVbitrl $r#t$&b. *J 

mmhSLd) yx2if^h.^f\,tz.m.m.(D^2(Di(D^ 

- b Wfiim£E®«^«Vth2-liiiax J; l> («fijt=ffit 
T*) mVcrllc ^Wi^b. $fJfflIMLSR(i) 'v, 
•7 A ^ tlfc«IS®ll 2(D2(Df-V UttSE Vth2-2-i 
i:Vth2-2-i+l ©^©ateVcrlrr ^«$&fi). ^b 

if'^biliLB (i) 'sS^^K*s8E^^^^«^ ^2 0 2©-^ 
-hWfit«£E{±Vth2-2-i WTT-fef). 
*x«. Vth2-2-i+l W±'t-feSi:*JBf-r5o 

[0 15 9] aM©t^^i±s sm^®*)©^t^b-t* 

t*J{t2.S{4^^b*t^bT*>Sl^<. Vth2-l-i 
, vth2-2-i t]lT®vthl/^;^c^^,A■r{i^ tfe^-ri> 

«S£S©;'c/hf W Wi f -5 ^ i: § s o 
[0 16 0] ^fel^T^ 1112 0C5lbTi!ilgbfe«l 2SI 

SteJi^®®^ ^ >J 02 3{3S^^b*:J:^^;:. TL"f 

g!ilbT^^UTl"f i:1-SJ©^©S!iii:&ffi&x 02 7 



~3 A(Dmmmt:^m\^xm-t^o 

[0 1 6 1] |g|2 7lc^bfeJ:ac^ pS*^»#««l 
0®^®l'n't73i;H 0 24oiyfp'>:ii;H 0 1 Sfl^fig 
b> p'i7Ji;H 0 IC^ffl&^^bbT 5nm© 

05 K/p-e^YbM^fl^fig-rS. ^V^T^ p t>:x.)\, 10 1® 

«a{c. mt::^r-\'';T#t«&si5i 1 i(D^mmi:.i3i^^m 

-cmffl^2 0 i^fejgjgg-rs. 

[0 16 2] *V^T•. B!li3^mM<&'>3iv;/ hai5;5^> 
10 i5^HJ;>)[»*U BVpe'J^;!/! 0 1 ®*®(;> IK»7 
nm®fSlf^'fbMl 3 OSr. 8 0 0'C®^M ni^:ii->vi' 
^■fbt J;t)Ji^fiX-r5. ^^>t^ U >4®(inbfe>l^>JS^U 
:3>illK3 0 0 5fe2 0 0nmOMffT'?KfigU 

«; 3 >^<bM3 0 1 1 0 0 nm®|KJPT?}i^J5K-r5o 

iBlll®'y-h«ffi2 4 l®Jl^{c^t)#TiPXb-r7 
* hv;^^ 4 0 1 ^Jl^fig-rSo 

[0 16 3] *v^-r% 0 2 8{c:^Nbfc<tdf3, 

h 4 0 l^x';^^i:bT> H!l8Bi>'U3>^YbM3 0 
20 143itJ'5KUi^';3>JK3 0 0S3i>y^>^t-^.o cm 
^CJ;^}^ TKUS^y^VMS 0 0{mi®y-h«8S2 4 

l®ff$tttjDX^tlSo 

[0164] ?5fe^^. ^ 1 (Of- vmm (4t 'J >; ^ 

' » 2 4 l®flOH{r, 8 0 0'"C®>'W ni^i^^y^^-fb 
25 ct D 3 0 nm®MJP-r-l!flil<bJK 2 4 1a 

So $^^c:^ ^'';:3>^^bM3 0 2^ 1 0 nm®MPT- 
-«f-Ji^fiEU ^5)^:. ;Jt';'>Un>3 0 3.t:8 Onm 

[0 1 6 5] ^^JV^T^ 02 9{3^bfcJ;aK:. Sriani* 

30 ^-ofz^^'J'^y^ (reactive ion etching) <t t) Buf3 
:in'JS>'j3>3 0 3®^fflg|5^^3i'^^>^^b-r«3 
0 3SW*»l®'y-h»ffi2 4 l®«iy®{C^fit-So 
^^t^ :i®4^';i:'U:3>fi|^3 0 3 SW:&v;<i'i:b 
t$/>;3>aYblK3 0 2^j^>v5^>y-rs. c:®i:§. 

35 llloy-h««i2 4 l±®®S^U3>S^bM3 0 1 

{*> u :3 >^<bM 3 0 2 {c Jt'^■^:+^9•{cpv^o■r•sa 

[0 16 6] *v^T•, 03 0{w^bfeJ;^^c^ ^ 1 y- 
h««i2 4 l{R!ia®/JtUi^'J=!>ffi!lS3 0 3 SW^^;^ 

{BOfflfc^ttbTV^fev-Unv^YbMS 0 24v;^^fcb 

HulBi^ 'J :3 >^{bM 1 3 Q^:^-j^yir-t^. 
[0 16 7] ^fe^^T^ W±®7'D-fe;^T-^Sbfci^';n 
>^YblS 3 0 2 J; VmifBS^ U :3 >i?YblK l 3 0 S v;^ 
45 ^57i:bT^ pM'i'Ji;!/*®^ 5 0 nm®^$t3i>>f^> 

Ji>i/^>^^^i 0 iT{B!)®A5^ mz^^')Tm 

m&X^2 1 2 L, 2 12 R®«ffl{r)^fig^nS|S!Mg|5 
SL, SRi:>5:5o 3i';'5^>^^^ 1 0 1 TO|SBti^ ^ 
®;»;g|5^As^{c n* ffi^2 2 1 , 2 2 2®^Si:;5:5, 
50 [0 1 6 8] J&^S^ ^^/^^^^^^l 0 1 T$r3i>j;^>y 
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-t^f^iZT-i Vhtii^ijjV^L^^f^yir (isotropical et 

ching ) tkm-'ii:<D, •y--f Yx.^y^>^ifi^\:^?>^y'f- 

m3 Hci^flfbTBjB^-rs. mm5 nm(Dmm<t^'n^ 

fz^. mm (1 OKeVWT) ©^';t>aA{cJ;?3 2 

2 1 n, 2 2 2 n««J*-?|^fig-f-Sfflfc3S&. U n 

Ml 3 043J;Uf5'';3>gfbM3 0 2^v;^i'i:bT^ 

1, 2 2 2 fccogttteB^fc-a-ttPI-vx^'T-fTtJnS 
5^ n^i^2 2 1ni 2 2 2 nfflom^ftA«iT5fc«; 

So 

[0 16 9] ^fev^•r^ El 3 ifc^ufc<tat:v ^5/5=-> 

1 0 1 T 1 5 nmOlMff-e^lKtiM (E^-a-T) * 

mmihlz J; ») JgfiK U 3 ^^-fblR 3 0 2, 

^^<bMi 3 0. m:xj^mv&^^^^y'^m(Dmmim^ 

[0 17 0] $e>(3, ^2®#':7'— bi^^JKl 3 2 L, 
1 3 2R®^l»i:^.5->U:3>K<bJKl 3 2 a^£8 0 
O'CCyWOi^ai-^i'^^bC.t ^)^ 3. 5~4nm<D 
mm-T:W>m\.. *v^T% ^2Si:*S5^U3>S^bMl 

3 2b^CVD{::<t t)s 4 nin©JKJPT-ff$fi£b. 

t^. ^SJitJfeSi^'J^V^^bJKl 3 2 c^CVDtJ; 
5. 3~3. 5nmOMi*-eJB^U 8 0 0*0 

^ u «itgs rtjis-r s 3 mm^(Dm 2 ©-y- h 
ii&i^i 3 2ifiWfm^ti^. ^lo-y-MKSiSiKi 3 1 
H:^i©y-hSffi2 4 ifcei&tegfi^a^jtcfl^jEig^n 

[0 17 1]^V^TN ia3 2{C^NbfcJ:5t, itaUife 

^ 2 ©y- vmmm 1 3 2 ©«s§iMii vx^tismi^ u n 

V^T^ ^tCiDjl^Aas 2 1 2 L. 2 1 2R(D^m.mti3i 

?>mimmm(D^m<^ (^mtej^^r-fi. mm) 202 

S-fsl-^aA-rS. ^©*DaaAgP2 1 2L, 2 1 2R 

m 1 ©-y- b«ffi2 4 1 i:g^^I^aBS-&«^■r•aA^n 

[0 17 2] ^©a^tt, E3 2{r||bT^i^-rS»2 
©1. ^2©2©'y-b»gi2 4 2 L, 2 4 2R^^1 

©y- h««i2 4 1 ©«!is{cji$j5!c-r5 1. mmmx^cD 

^Mt)2 0 23!)S, ^2©1. m2©2©'y-h«SI2 4 
2L. 2 4 2R^r^b^^[eli^«^^;*^Sig*t55:So 
[0 1 7 3] *V^T^ S3 2{C^bfe<tat, U>S^ 
AD Xytzr^ U U n > § 1 0 0 nm©jRli"C— 

U ^©¥agP^**lRH4©RIEf^«y 

5^>^b•r^ iii©y— hSffi2 4 i©ffi!iBt;j?';j^>; 
=i>{|ys2 4 2 L, 2 4 2R*^g-r5. c:©i8¥^in:l^ 

U i;- 3 >{WMtt> ^{C^2©1. ^2©2®y-h« 



®24 2L, 2 4 2Ri::fei)o C©^. EISlJcMbt: 
Sftl8bfc«MMfflJ}t'Ji^U3>*,3i^;5^>^$n5. $ 
ibiz, 8 0 0''C©^WDi^:ii->;^^^'fb{;:<t»3 7f?Ue^'; 
3>«SHf'7 nm©^{b)K2 4 2 a^figft^-^So 
05 [0 1 7 4] ^fev^■r^ C©4t';i'U3>{B!ie2 4 2 L, 
2 4 2 R&vj^^'i: b-rnffiJ«©^ifei (il©||6fifiaj'C 
Jiffltlg) ^-i:t>r^XVXnmm2 2 1 n, 2 2 2 

AgSCiaSglJSL, SRi:©*i5{ag*sgi&»-&$tt 

10 s. ^fev^^?. iyv:D>mtm m^^-r) *cvDt:i 

tj. -«C3 Onm©MJ»T-JBfiEbv ^©¥S®5:«r(Rl 
14® R I E t J; f) i ^i'f^^^/ bT±I33j? U U 3 > 2 4 
2L, 2 4 2R©ffi!ifflK:^-U:3>^^blli©{HflS24 2b 

15 [ 0 1 7 5 ] ^ ?>{;r, ±fBJ^ >j n >Mb)K^v;^<5' i: b 
X. n* ^^2 2 2/2 2 1 ©^M^^ (^Wj^SST- ■ 
(i, flt^) ±fB^MiKi J; ?) 1 ~ 2 < ®fi ( d o 
se) ©-f :^>aA?&-r?><. ^©^> ^iM^SSbT, 
-r:^>?±Abfen* ^MtJ^rSffifb^-B-?., 

20 [0 1 7 6] i*:v^t•^ 03 3(C^bfe<fc-5t-, i>'Un> 
fflyS±©^YbMtrJi «;/^>^b, 5/ U :3 >S{bMiiS© 
W{C^MbTV^^,3j■Ml 3 2^:x.^y^l.y-t^o ^ 
tc, ^<5'> (titanium) , $fc^iny^•;^ h SrSffl^SC 

25 ^Jv^sAsgmbfee^a-. -r «:t>*.3j?ui^u3>ffl[iM± 

ffl2 4 2 s*3J;Ufn* «««?iJK^^2 2 2/2 2 1 s 

[0177] aioxgjcj: t). i^t^® n* ««2 2 
30 2 / 2 2 1. M2© 143<ttF^2©2®^— hSffi2 4 
2L, 2 4 2RASff^fiK^n, Cin^flb©-fe;i/{c:*)^SI^ 

[0 17 8]*V^T% 03 4(C^sbfeJ;a{C. i^';:3> 
35 K^bM2 5 l<l:^l©y-h«12 4 li;t)JP< CVD 

i©y-htti2 4 ip^tz®a^^e$#So s 

tBbfc^l©y-h»gi±®©s^Un>^YbM3 0 1^ 

mu^^^^>'^ {^>u:n>mimizMi.x) bT. mi 

40 ©-i^- t^Sfii 2 4 1 SSttl^-B-, imiinCD:!^ U 5^ U n > 
2 5 2^1 0 0nm®JP${rCVDf?i5sK-r?). ^ 
tCs ^©±t3<5'>^::<7^>i:^'J-y-'f K 2 5 2 s*5 0 n 
m®ff^lcCVDT-JBfi£bT. ^m®-fe;i'©lll'^-h 
®ffi2 4 l^ffiSSEi^-rS. CLODS' > 1^;^ 7^ >i'U-9-'f 

45 K2 5 2 Si:3}t'J->>;rJ>2 5 2®2JSMtt. i5:»®'; 
y<7^ 7 ttijPfc J: ») KiSLW ®¥Bflg4^{c-&t»-B- 

[0 1 7 9] t^«E«Hi«R*ffiv^'rt;«y 

50 $'JfflIi^i:iSiail]SSi;©gE^©fc«)t<i. i^i^^l >-?^ 
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[0180] 

(1) =^^UrS^^«^«tgSr*t-S'y-h«6i^M{C^^ 

(2) ^^^jmmmm±iz 2 oco/f- hss^&Mi: lt 

^^i- >; g^-y-s fe»o«{4$#t^-rs <fc ^ 

(3) ^i®'y-ha®®ffiffia{c^2«)'y-ba®*3«fcy« 

T^^tl^tKDm 2 CD«gaM'^lfi3ifl<J(C?±AT' # -S i ^ 

{cbfccDTN io©^^:';-fe;i'{c2br>y hcDT^— ^'^IB 
^ U ^ i: AST'S So 

(4) m2<D^-}-mmm^(o^^'Vrco^A^jiZj^^(D 

[S 2 ] EI 1 ©^{ffilHlliS^^s bfe0-r-fe?). 

[EI3] EHO^^^'JTV-YOgEiBTSffiSr^bfeEIT'^ 

[05] E4®^ffi[p]ES^^bfcBIT-$.S. 
[06] ^4<D^^VT]yH(Dt$im:^m (■?© 1 ) 

[07] m4(D^^^}TU^(Dm^M (^©2) 

btHT-afeS. 

[08] 04©;/^ UT'W'f ©T'D^'^A^^S^bfc 
[09] 0 4©^^ UT^'f©g6il^;5^ (-^©3) 

bfc0-efei.. 

. [010] 04©^^UTV-f ©g?i^:*F^ (-^©4) * 
^f^bfc0T-feSo 

[011] *^W©^3Slffl6?I^^f*i.^ffl6i4^^'; 



•fe;u©»f®0-r-fe-5. 

[012] **W©«4^}|^SS-r-<fe5^S^14^^U 

■fe;i/©W®0T-feS, 

[013] ^mM(Dm5mmmx'$>?>^Mm\^^'e^) 

05 •b;i'©W®0T-fei). 

[014] *«fla©||6SIJE?^J!§-efc5^ff^14^^'; 

-tr;i'©Wr®0T-fe2>, 

[015] 01 5©^fffi[HlE§S:^bfc0-efeSo 
[016] *^0^©^8||JKK«T-$)S^»^ffi^^'; 

10 -fe;i/©»f®0Tfes. 

[017] *|gB^©»8SIK6?I^S§-efeS^»^14^^'J 
■fe;i/©»fH0T-fe5, 

[018] :mm(omi omswm<Dwmm^i>^o 

[019] 3ti:^?a©»l l^SKi^Si-C-fe5^»#BttX^ 
15 'J-fe;i/©»Ta0T-feS, 

[02 0] .*^gg©^l 2^Mfl5®T-a&€>^Ji^14^^ 
'J-b;i/fflBfa0t?feS. 

[02 1] m2 o(Dmmm\^^\ir^^^^)Tmx^m 

B^-rSfe»©0T-feS, 
20 [02 2] tj!e5l5fit?iS{CJ;5=^r-\'UTaASiiB^^afc«) 
©0T$)S. 

[02 3] 0 2 0©^*U-b;i/©gg^:&^ (^©1) & 

^bfeat-feSo 

[02 4] m2 0(D^^^)±)]/(Dmmysm (■^©2) S: 
25 ^bfe07?feS. 

[0 2 5 ] 0 2 0 ©^ U •t;i/©rD iJ/-^ A^ffiSS^ b 
feM^iS9&0T-afeS. 

[02 6] 02 0©.)t^^U-b;i/©SS«»(itHb:S-?S<£^bfe 

m^«yB0T'ifeSo . 

30 [02 7] 02 0©^^rU-b;i/©Si)t*iS*^bfcWfffl 
0 (^©1) T-$.S. 

[02 8] 02 0©^^u-fe;i/©^Jg:)^^*^bfeBfB 
0 (^©2) T*fe?). 
[02 9] 0 2 0©^^ U-b;i/©iSjt;&i5S&^bfc»fffl 
35 0 (^©3) T-a&5. 

[03 0] 02 0©^^';-fe;i/©Sijg?&»*^bfeWfW 

0 (-e©4) T-fe?.. 

[03 1] 0 2 o©^^>;-b;i'©Si)i:&^^&^bfcBf® 
0 (-e©5) T-fes. 

40 [03 2] 02 0©^^ U-b;i/©Sij§;&i*SS^bfc»fBi 

0 (-e©6) T-fe?.. 

[0 3 3 ] 0 2 0 OtJ ^ U ■fe;i'©]g[jg;&^&^ bfcBJfH 

0 (-^©7) ffe?.. 

[03 4] 02 0©^t';-b;i/©8aii*a?&^bfclSf® 
45 0 (^©8) tfe2.o 

[035] *^W©^ 2 ^ U 

■fe;i/©»f®0-c-feSo 
[:^^©lfiw] 

1 o-a«^ 1 0 i->i7J^;K 1 1 o-5^^^;i'JBj5E« 

50 J^, 1 1 l-=^ri''J7'«$&g|5, 1 1 2-=ir^';T*Djgr^ 
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